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Note.— Chapters IX to XV, inclusive, of Professor Comatook's Geological Report 
were propaieil after the Congressional Dociiivient [H. R. Es, Doc. No. 385, 43<1 Coog., 
1st sese.] liad gone llirough the proas, aud oonsequcatly do not appear iu that edition 
of the report. Sec Appendix. 
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THE CHIEF CLERK OF THE WAR DEPARTMENT, 



. report upon the reconnaissance of Northivestem Wyoming, ma3e in the 
summer of 1873 by Captain Williavi A. Jones, Corps of ISngineers. 



TheObiefCIerkoftheWarDepartmentjinthe absence of the Secretary 
of War, has the honor to tnuismit to the House of Eepreseotatives, iu 
compliance with resolution of the House of the 20th ultimo, report of a 
recouuaisaanee made by Oaptain W. A. Joues, Corps of Eagineers, in the 
year 1873, for a wagon-road from the line of the Union Pacific Eai!road, 
iu Wyoming Territory, to the Yetlowstoue National Park and Fort 
Ellis, Montana Territory, together with letter of the Chief of EiigiueerSj 
of the 13th instant, transmitting the same. 

H. T. CEOSBY, 

Chief Clerh. 

War Department, June 16, 1874. 



Office of the Chief of Emgineees, 

Washington, B. C, June 13. 1874. 

SiB: In compliance with the reference to this Office of a resolution of 
the House of Eepreaentativea of the 20th ultimo, I have the honor to 
transmit herewith a copy of a report of a reconnaissance of Northwestern 
Wyoming, made in the summer of 1873, by Captain W. A. Jones, Corps 
of Engineers, chief engineer of the Department of the Platte, under the 
orders of Brig. Gen. E. O. C. Ord, commanding that department. 

It would appear from the report of Captain Jones that the wagon-road 
to Montana, by the Yellowstone Park, proposed by him, would open a 
route that, whatever may be the advantages of the Missouri River route, 
would tend to keep down rates, and would prove advantageous to the 
Crovernmeut in the transportation of military and Indian supplies. 

The route passes the military posts of Camp Stambaugh and Camp 
Browu and the Crow Indian agency, and is stated to be the shortest 
and most practicable rente to the Yellowstone Park and Montana ; trav- 
ersing a fine mineral and agricultural country iu the Wind Eiver Val- 
ley ; an extensive area of well-timbered and well-watered country about 
the upper valleys of the Snake and Yellowstone Elvers, where the soil is 
fertile and the rain falls equably through the season ; and also a fine agri- 
cultural country in the valley of the Yellowstone below the falls. 

It would give au outlet to the mineral and agricultural resources of 
Montana, which is stated by Captain Joues to be one of the most pro- 
ductive mining regions of the West ; and, in that connection, it is to be 
H. Ex. 285 1 
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2 RECONNAISSANCE OP NORTHWESTERN WYOMING. 

noted tliat this route would save two hundred and fifty miles of railroad 
transportation, or tlie distance from Point of Eoeks to Oorinne, wliicli is 
the prewent point of departure on the Union Pacific Railroad for tlie 
posts in Montana. 

Very respectfully, voiir obedient servant, 

A. A. HUMPHREYS, 
Brigadier-General and Chief of Engineers, 
Hon. Wm. W. Belknap, 

Secretary of War. 

Unexpected delay has occurred in the eopjing' of the maps by whitrh 
the report is accompanied, and they will be transmitted within a few 
days. 



nEADyUAKTERS DEI'AKTMBNT OF TIIB PLATTE, 

OFt'ICE OF THE Ek&INEBB OFFICER, 

Omaha, Sebr., May 9, 1874. 

8lK : I have the honor to transmit herewith my final rejiort upon the 
military reconnaissance of Nortliweatern Wyoming, made dming the 
summer of 1873. 

I take great pleasure in thanking my associates in the fleld-work for 
their uniform courtesy and devotion to duty ; the offiders of the depart- 
lueut staff for their kindly and efficient assistance while I was prepar- 
ing my outfit for the field ; the officers and men of Company 1, Second 
Cavalry, for their constant and willing assistance ; Lieut. E. H. Young, 
Fourth Infantry, for his extremely arduous and efficient senices as 
acting assistant quartermaster and assistant commissary of subsistence 
forthe expedition ; and Mr, Charles Curtis, pack-master, for his untiring 
eneigy and enthusiastic devotion to duty. 

The report is accompanied by the following reports, viz ; 

Botany, by Dr. C. C. Parry j 

Geology, by Professor T. B. Coinstock ; 

Astronomy, by Lieut. S. E. Blunt, Thirteenth Infantry ; 

Entomology, by J. D. Pntnam ; and 

One map (in the preparation of which valuable information was ob- 
tained from the maps of Professor Haytien and Captains Barlow and 
Heap, United States Engineers) showing the region traversed, and 
forty-iune trail-maps, showing, on a large scale, the topography along 
each day's mareh. 

Considering the extremely successful results in that field, the report 
upon botany is rather more meager than I had anticipated. Ten new 
species were collected, none of which are described. 

Dr. Heizmann's report upon mineral and thermal waters has not yet 
reached me; delayed, I suppose, by his sickness. It will be transmitted 
as soon as I receive it- * 

In conclusion, permit me, sir, to thaukyouforyourkindlyinterestand 
constant and intelligent assistance, to which mmih of our success must 
be ultimately attributed. 

I am, sir, very respectfully, voui' obedient servant, 

W. A. JONES, 
Captain of Eng-lneers, 

Brig. Gen. E. O. C. Orb, 

Commanding Department of the Platte. 

' Report since received, and is appended hereto. 
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reconnaissance of northwestern wyoming. d 

Headquarters Depabtmbnt of the Platte, 

Omaha, Nehr., May 11, 1874. 

Sir : Captaiu Joues's report and accompaujiDg maps of an exploration 
of Novthwesteru Wyomitig are herewith inclosed. He received from ine, 
besides the written instructions stated in the report, verbal directions 
to flnd,if possible, a good route from the south, via th'eWindEiver Val- 
ley and Upper Yellowstone, into Montana, which the report shows he 
accomplished. 

The trail-maps give a correct and detailed picture of the country 
passed over ; the reports of the geologist and botanist, with Captain 
Jones's description, explain its resources and capacity to support a large 
population, and show that the country to the south and west, and in the 
vicinity of Yellowstone Lake, will not, for agricultural purposes, require 
irrigation, as does the most of Wyoming and Montana. 

Valuable minerals were found, especially in the Wind Eiver and 
Shoshone Mountiiius. 

The fact that this route, north of the Wind Kiver Valley, passes 
through a timbered country, over which the mild southwest winds 
prevail in winter, renders it probable that, even at great elevations, it 
is not liable to diifting snows. Its shortness compared with the pres- 
ent traveled ronte via Corinne, the tnilduess of the climate, fertility of 
the soil, andabundance of water, coal, wood, &c.,in the Wind Eiver Valley, 
are strong reasons for opening the route for the use of the military posts, 
and the people of Montana, which section is laugnishiug for the waut of 
an outlet for its valuable mineral and agricultural productions. 

I therefore recommend that Congress be asked for an appropriation 
of $60,000 to open a wagon-road from Camp Brown, or some convenient 
point on the Union Pacific Railroad, to Fort Ellis, or Helena, Moutaiia. 
I am, sir, very respectfully, your obedient servant, 

E. O. C. OED, 
Brigadier-General Commanding. 

The Adjutant-General United States Ahmt, 
Through Headquarters Military Division 
of the Missouri, Chicago, III. 

[First iDtlorseiiient.] 

Headquarters Military Division of the Missouri, 

Chicago, May 15, 1874. 
Eespectfully forwarded to the headquarters of the Army. 

P. H. SHBRIDAH", 
Lieutenant- General CommanMng. 

[Sooond indorsement.] 

Headquarters of the Army, 

Washington, May 18, 1874. 
Eespectfully forwarded to the Adjutant-General. 
By command of General Sherman : 

WILLIAM D. WHIPPLE, 

Assistant Adjutant- General. 
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4 RECONNAISSANCE OF NORTHWESTERN WYOMING. 

[Third indorsement.] 

War Department, Adjutamt -General's Oppicb, 

Washit^Pin, May 19, 1874. 
Eespcctfullv referred to the Chief of Engineers, To be returned. 
E. D. TOWNSEND, 

A^utant- General. 



Chicago, May 16, 1874. 
Colonel: The inclosed order" was issued in order to give Capt. 
William A, Jones, Eugineor Corps, a chance to have his work of last 
summer published; but I wish it to be distinctly understood that I in 
no manner can indorse the contemplated toad from the Point of Rocks, 
on the Union Pacific Railroad, to Fort Ellis, via Yellowstone Lake, as a 
military necessity. 

If the Government desire to make api)ropriation for the benefit of the 
mining population at Atlantic City, and the settlers in and about Camp 
Brown in the Popo Agie Valley, I have no objection ; but I am not pre- 
pared to give even a shadow of support to anything so absurd as the 
military necessity for such a road. 

The land-transportation now, via Carroll on the Missouri Eivcr, to 
Fort Ellis is only two hundred and twenty miles, over a good road. 
I am, colonel, very respectfully, your obedient servant, 

P. H. SHEEIDAN, 
Lieutenant-Qmeral Commanding. 
Col. W. D. Whipple, 

Assistant Adjutant- General, 

Headquarters of the Army, Washington, D. G. 



[First iDdoraemeut.] 

Headquarters of the Army, 

Washington, May 19, 1874. 
Official copy respectfully forwarded to the Secretary of War. 
W. T. SHEEMAIS^, 

General. 

[Second indorsement.] 

War Departmeht, Adjutant -General's Office, 

Washington, May 20, 1874. 
Respectfully referred to the Chief of Engineers, to whom was referred 
the report of Captain Jones of his explorations in Northwestern Wyo- 
ming, on the 19th instant. To be returned. 
By order : 

E. D. TOWNSEND, 

Adju tant- General. 

* Special Order No. 30, Headquarters Military DiYisiou of tbe Missouri, May 15, 1874. 
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GENERAL REPORT. 



CHAPTER I. 

DESCRIPTIVE JOURNAL. 

Port Bridger — PaciBe Springs — Hostile Indiana — South Faas — Sweetwater Rirer^ — 
Camp Stambaugh — Camp Brown — Shoahonee agency — Hot Snlphur Spring — Wind 
River — Owi Creek Mountains — Valley of the Big Horn — Diaeovery of the Sierra 
ShOBhonee— Ascent of the Washakee Needles — Shoahonee Village — Waahakee — Indian 
Scoiita — Stinking water River — Crossing the Sierra Shoahonee — Stinking water Pass — 
Yellowstone Lake— Great Falls on Grand Canon— Explanation of origin— Hot Springs 
on Orange Creek— Great Hot Springs on Gardiner's River — Deaoription and esplana- 
tion — Fossil gas-hnhbles — Amethyat Mountain — Fosail trees with hollowa containiug 
crystals of amethyst— Geyser basins- Yellowstone Lake — "Onr Twenty-eiglith 
Hop"— Ascent of Monnt Sheridan — A deserted camp— Trouble with Indian scouts — 
Upper Yellowstone River— Uiscovecy of "Two-Ocean Water" — The Three Tetous— 
Discovery of Togwotoe Paas— Teton Basio — Head of Wind River— Return to Camp 
Brown. 

(Special Ordece No. SO.— Extractl 

HSADQUAKTEKS DBPARTMEKT OF THE Pj^TTE, 

Omaha, Neb., May 15, 1873. 

4. Capt. William A. Jones, Corps of Engineers, will proceed as soon as practicable 
to Northwestern Wyoming, and there make a reconnaissance of the country within the 
territory about the headwaters of the Snake, Green, Big Horn, Grey Bnll, Clark's Fork, 
and YeUowstone Rivers. He will organize and eqni^ his party at Fort Bridger. 

Second Lieut. S. E. Blunt, Tliirteenth Infantry, will accompany Captain Jones as 
assistant. 

Assistant Surgeon C. L. Heizmann, Uoited States Anny, will report to Captain Jones 
for duty with the expedition, aad to the comtuandiug officer of the escort as medical 
officer for the troops. 

The acting assistant CLuartenuaster andassistaiil commissary of subsistence appointed 
by the commaadiDg officer of the escort for his troopa will perform the duties of assist- 
ant quartermaster aud axsista'at commissary of subsistence for the expedition. 

5. Compatjy I, Second Cavalry, {Noges's,) is detailed as escort for the reconnaissance 
of Northwestetri Wyomiog by Captain Jones, Corps of Engineers. The company will 
proceed by rail on the 4th proximo to join Captain Jones's party at Fort bridger. 

The Quartermaster's Depattnieut will ftimisn the necessary transportation. 

to Capt. H, K 
' witn nia company. 

y command of Brigadier-General Ord. 



Ill corayiliaiioe with the above order I organized an expedition iu 
Omaha, Hebr., conaiating of the following persons, viz : Professor T. B. 
Oomstock, geologist ; Dr. 0. C. Parry, clerli, botanist, aud meteorolo 
gist; Asaistaut Surgeon 0. L. Heizmann, U. S. A., chemist; Second 
Lieat. S. E. BInut, Thirteenth Bpginieut of Infantry, astronomer ; 
Second Li^sut. E. H. Yonng, Fourth Regiment of Infantry, acting assist- 
ant qaartermaster and assistant commissary of subsistence ; four topog- 
raphers, one astronomical assistant, one meteorological assistant, three 
genera! assistants, one chief packer, two guides, and two laborers. 
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6 RECONNAISSANCE OF NORTHWESTERN WYOMING. 

The party was w>QceQtrated aud went into camp at Fort Bridger, 
VVj-omiiig, Juue 5, the escort joining the same date. The ofiQceiw on 
duty with the latter were Capt. H. B, Soyes, Lieutenants C. T. Hall, 
F. W. Kingsbury, and E. H. Young. 

The sum of $8,000 had previously been allotted to me t'rora the a])pro- 
priiition for " surveys for military defenses," for the purpose of making 
the reeonnaissanee, aud proved sufficient. 

The transportation, as furnished by the Quarter ma step's Department, 
consisted of eight wagons and sixty-six pack andsai^ldle mules, in charge 
ot one pack-master and ten packers ; also three six-mule teams and 
wagons were turned over to me for transfer to Camp Stambaugh. 

Until June 12, the time was occupied in equipping the party, making 
final preparations tor the march, and completing the preparatory work 
of the several field-parties. From Colonel Flint, the comTnauding officer 
of the post, I received the most cordial and hearty assistance, which 
contributed not a little toward our snecesa, 

An expedition for an ascent of the Uintah Monntains, at the head of 
Henry's Fork, was sent out, but on account of the great quantity of 
snow and the limited time at their disposal, was obliged to retnrn un- 
successftil. On the 6th of June the water rose so high in Black's Fork 
as to force us to abandon our first camp and seek a drier one. 

Thursday, June 12. — The expedition broke camp at 8 a. m. and took 
up its line of march, moving northeasterly to the Big Muddy Kiver, a 
distance of eighteen miles. 

On the march the party was organized as follows : geologist, with 
one assistant ; meteorologist, with two assistants ; astronomer, with one 
assistant ; medical officer, with a complete outfit for the analysis, in the 
field, of mineral and thermal waters and gases; chief topographer, with 
two parties of two each, one on the general triangulation and the other 
in charge of the odometer measurements and general description of the 
line of march. The odometers (three) were carried on a wheel attached 
to a pair of shafts, arranged for facility in moving over bad trails 
through timber. 

The train, consisting of eleven wagons with the packers as teamsters, 
was In charge of Lieut. B. H. Toung, acting assistant quartermaster for 
the expedition. These wagons carried a four months' supply of pro- 
visions, a complete outfit for a pack-train, and ten days' half-forage, be- 
sides the usual stores and camp-equipage. All supplies and train-ma- 
terial were concentrated at Fort Bridger in preference to the Wind 
Eiver posts, because of the greater certainty with which it could be 
done in a limited space of time. 

The triangulation was carried on with a small transit-theodolite, start- 
ing from points established by me in 1871, and using the prominent 
landmarks along the route as signals. The system worked well, the to- 
pographers having no difficulty in keeping up with the columu in any 
march it could make. The odometers did not work well, three of them 
on the same wheel failing to record a like number of revolutions or even 
any approach to it. 

The unusually high water in Black's Fork had seriously undermined 
the abutments of the bridge north of the post, but fortunately nine of 
the wagons crossed it with safety. The tenth broke through, but was 
quickly rescued, and the hole repaired, valuable and timely assislauce 
being tendered by Captain Noyes and his command. 

The line of march lay across t!ie country known as Colorado Desert, 
flanking the southeastern extremity of the Wind Eiver Mountains, and 
thence following up the Wind Eiver "Valley to Camp Brown. As far as 
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EECOHNAISSANCE OF NORTHWESTHSN WYOMING. ( 

these monatains the region ia almost raiuless, but the extraordinary 
spring rains had extended over it and fallen as snow in the surrounding 
Diouutaius in enormous quantities. As a conseqaeuce, the streams were 
swollen to a remarkable extent, au<l rendered well-nigh impassable. 

At this camp there is no wood, but little grass, and the water was 
excessively mnddy. 

Friday, June 13. — Broke camp early and commenced the passage of 
the Big Muddy. This was attended wttli great difficulty, as the stream, 
barely fordable, was running very swiftly, and the bottom was soft. 
The first wagon mired in the rapid current, and the mules were i-escued 
with much difficulty, great skill and energy being displayed by the 
men in charge. After this accident a line was led from each wagon to 
the opposite bank and manned by Captain Noyes's men, and ouly the 
best teams hitched to them. The passage, though tedious, was eftected 
successfully, and a march of 13.2 miles made to Ham's Pork by 3.30 p.m. 
Here the water was so high that the valley was largely overflowed and 
the ford absolutely imp^sable. Fortunately an old abandoned bridge, 
with its middle piers washed away, was found across the main channel, 
and this was successfully used in making a passage. The teams were 
imhitched and the wagons lightened to 1,000 pounds, and a detachment 
from the escort was then stationed on the opposite side, who drew them 
over the shaky bridge with great caution by means of a line. The un- 
loaded material was then carried over by these men, and the teams led 
over with extreme care. There remained about one-fourth of a mile of 
low bottom, of alkaline soil, which was considerably overflowed and cut 
up with sloughs, over which the greatest difficulty was experienced. 
Work continued until nightfall, which found six wagons with their 
cargoes safely across, while the remainder were mired in the bottom, 
which was strewn with material unloaded from them. 

Good grass and wood at this camp. 

Saturday, June 14. — Oomuiencing early, the passage was completed by 
1 p. m., but the men and animals had worked so hard that it was not 
deemed advisable to make any march, and we went into camp. I con- 
sider this passage qnite a teat, the success of- which was very largely 
due to the conception and energy of Captain Noyes and to the untiring 
efforts of Mr. Curtis, wagon-master. 

During the night some horse-thieves, who had been prowling arouud 
us, succeeded in getting two liorses belonging to the escort. A party 
was sent out but failed to find them. Before leaving, however, the 
services of a citizen of Granger were secured to capture them if possible. 

Sunday, June 15. — Marched 18.9 miles to Green River, which was at 
flood-height. Excelleni road and good camp. 

Monday, June 16. — Moved 3.3 miles down the river to the stage-ferry, 
by means of which we effected a crossing by 1 p. m., and went into camp. 
Green Biver flows through a narrow flat valley which is covered with 
sage-brush interspersed with good meadow near the water and on the 
islands in the stream. Groves of the inevitable cotton-wood are nume- 
rous. The stream is here of considerable size at any sesison of the 
year, but generally ia fordable at a few places. Good camp. 

Tuesday, June 17. — Moved 12.4 miles to the Big Sandy and commenced 
crossing it at 11 a. m. This stream was at flood-height, and the ford 
difficult from moving sands in deep water. The wagons were unloaded 
and reloaded alter their beds had been lined with tarpaulins and tent- 
canvas. Teams of eight and ten mules were then hitched on, and they 
were carefully drawn through the swift current, the water coming up 
above the middle of their beds. The passage was effected by 2 p. m.. 
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aiid we weut into camp. One mule was drowned. The two stolen liorses 
■were bronght in tbis afternoon, liaving been recaptured near Black's 
Fork. The country passed through is a flat plain marked by a few 
buttes and benches ; soil dry and sandy iu many places, and the whole 
covered with a thick growth of sagebrush. 

Big Sandy Eiver is a stream having its source iu the Wind River 
Mountains, and runs through a narrow sandy valley with but little 
grass and no trees. 

This camp is at a stage-station on the route from Bryan to South 
Pass City and the Sweetwater mines. A little grass and no wood. 

Wednesday, June 18. — Moved 17.1 miles to the second crossing of the 
Big Sandy. The ford was much more difficult than that at the first 
crossing on account of holes and quicksands. The chauTiel was very 
much wider, though the water was hartlly so deep. Twelve mules were 
hitched to one wagon, and hauled it safely across; but as this exposed 
too many mules to the danger of getting tangled In the harness and 
drowned in the rapid current, a line was led across to the opposite side, 
to which a ten-mule team was hitched, besides being manned by all of 
the men of Captain Noyes's command. By this means the wagons were 
pulled across, but not without much difficulty and very hard hibor. 
One wagon was overturned in the stream, but its contents, except a 
few insignificant articles, were saved by prompt and skillful action. 
Fortunately they were not of such a nature as to be damaged seriously 
by being wet for a short time. One mule became entangled in the har- 
ness amid-stream and was drowned. 

The ford was reached 12 ra., and the crossing completed by 4 p. m., 
when we went into camp. 

This is an eating-station on the stage-route. Wat«r and grass ; no 
wood. 

Thursday, June 19. — Marched ten miles to the Little Sandy, where the 
crossing was made by 12 m., and camp was made. There is plenty of 
grass here, but no wood. The country traversed in the past two days is 
a hot, sandy plain, supporting a thick growth of sage-brush and grease- 
wood, and swept by strong winds from the southwest daily after about 
ly a, m., during the hot season. 

Commenced immediately laying out a secondary base-line. This work 
was finished by noon of: — 

Friday, June 20, when we broke camp and marched 13.8 miles to the 
Dry Sandy. Gnats were extremely troublesome at this camp, where 
there is but little grass, and no wood. It is a stage-station. The Dry 
Sandy is an insignificant stream which goes dry except at the stage- 
station, where there is a spring. The country traversed has the same 
charaeteristics as that passed through on the previous days. 

Saturday, June 21. — Broke camp at 5.30 a. m., in the midst of a driv- 
ing Storm of cold rain, which soon turned into snow, and marched 10.6 
miles to the stage-station at Pacific Springs. Here the storm turned into 
a severe gale of cold wind. Wood, grass, and water at this camp, which 
is on the northern border of the hot sage-brush plain over which we 
have been traveling. This vicinity is the " South Pass " of the early 
geographers, about which there has been so much fictitious writing and 
picture-making. As there are no mountains about it, and as the old 
road hardly crosses a hill of any magnitude, the misnomer is evident. 
The road, however, crosses at this point the divide between the Atlantic 
and the Pacific flowing waters, and this gave origin to the name. 

Captain Noyes, Lieuteuaut Hall, and a small escort went ahead to 
Camp Stambiiugh. 
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At this point I received a cormnunicatioafromthe commanding officer 
of Gamp Stambaugh. iafonning me of tlie presence of hostile Indians in 
his neigliborhood. Enniora had already reached us of their depreda- 
tions, and I had already commeaced precautionary measnres by keeping 
my guides in the morning and evening on the lookout for signs. 

8unday,-Ju»s 22. — The night waa very cold, the minimum thermome- 
ter registering 21° F. Broke camp at I p. m. and marched four to six 
miles to the Sweetwater River, crossing over a bridge that is used in 
high-water seasons. The stream is generally fordable. Evidences of a 
recent and considerable fall iu the water were abundant. The river 
here runs through a narrow, flat-bottomed valley, with sharp rugged 
sides of metamorphic rock. The soil is rich in garnets of small size, 
■with slight indications of gold. The road traversed thus far from Fort 
Bridger has been excellent. 

Monday, June 23. — Broke camp at 6.30 a. m., and marched sixteen 
miles to Camp Stambaugh. 

The route passes through the mining-towns of South Pass City and 
Atlantic City, and traverses the greater portion of the Sweetwater gold- 
mining region across the slopes of the soulheastern extremity of the 
Wind Eiver Mountains. These mines are in a belt of metamorphic 
schistose rocks that occupies the axial line of the mountains. They are 
very favorably located for working, and good roads are within easy 
reach, although water is so scarce that placer-mining does not prosper 
as it certainly otherwise would. On Strawberry Creek, near Camp 
Stambaugh, it was found remunerative to haul the dirt several miles to 
water. The gold occurs singularly free in veins of a bluish, impure 
quartZj generally rather thin. For some reason, or reasons, this indus- 
try is m a languishing condition. This was partly caused by a great 
silver excitement in 0tah, which drew away a large portion of the 
miners to that ever-fascinating new country that they do not happen to 
be occupying. There is every indication here of gold in paying quan- 
tities, but a stage has been reached where capital is needed for further 
development. 

Camp Stambaugh is situated on the southeastern extremity of the 
Wind Eiver range, where it has run ont to an elevation of about 8,000 
feet above the level of the sea, and is exactly on the divide. Thus ele- 
vated in position, it lies between and commands the two lines of apiiroach 
and escape over which the marauding parties of Sioux, Arapahoes, and 
Cheyennes, from about Fort Laramie and Fetterman, make their almost 
regular annual descents upon the Wind Eiver and Sweetwater settle- 
ments and stage-stations, lying respectively to the north and south of it. 
These two lines are connected by difficult trails over the high foot-hills 
of the range, above and to the northwest of Camp Stambaugh and the 
exposed mining settlement, so that either can be chosen as a line of escape 
after an outrage. 

The obvious mode of getting at these Indians, after their presence 
has been made known in the usual manner by some depredations, is to 
move the troops with the utmost celerity to some point near tlie junc- 
tion or convergence of these lines, which probably would not be more 
than one hundred miles to the east or north of east from Camp Stam- 
baugh, and there throw out an efficient Hue of signal-pickets. By this 
means, if tliey did not reach their objective point in advance ot the 
escaping Indians, they wonld not be unlikely to stumble over them on 
the way. 

Indians travel over a country guidingthemselves by the prominent or 
noticeable landmarks, and when these are not sufficient, they build piles 
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of stoues ou a hill or in a iJoubtfal pass. Aa a eonseqaeuce, their trails 
of geueriil travel imist almost of necessity converge or diverge at or 
near some of these points, and however mucli a party may scatter, it 
will eorne together again in the vicinity of some snch place. These are 
really strategic points in Indian warfare, becaase the most difficult part 
of the matter is to get at the Indian, and he can best be reached through 
a thorough knowledge of his modes of travel. 

About Camp Stambangh and the Sweetwater mines the grazing is 
generally good, but the country is nearly barren of timber, which, liow- 
ever, is abundant higher up in the mountains. The climate is very 
severe, and strong winds are almost constantly prevalent. 

Until June 28 the time was occupied in shoeing animals, repairs, &e., 
and as many as possible of the mines were examined by Professor Corn- 
stock and myself. Both of the box-clironometers, which had been car- 
ried by a mounted man in a basket attached to a sling, had been so erratic 
in their rates that they were left behind here, and the remainder of our 
work was done with pocket chronometers. Three wagons and teams 
which we had brought from Fort Bridger were turned in, 

We were received at this post with the utmost courtesy and attention, 
and the commanding officer, Lieutenant-Colonel Brackett, cheerfully 
accorded us every assistance in his power. 

Friday, June 27. — Starting at 6 a. m., we marched 8.2 miles to 
Twin Creek. The road passed through Miner's Delight, the most thriv- 
ing of the mining-towns in this locality, was very hilly, and in some 
places quite boggy from the late-melting snows. The long slopes of the 
foot-hills of the mountains are here covered with a splendid growth of 
grass, and there is a scattering growth of timber, pine, spruce, and aspen. 
It is a region admirably adapted for grazing. 

Saturday, June 28. — Broke camp and marched 12.3 miles to Murphy's 
ranche, on the Little Popo-Agie River, which latter had very recently 
fallen so as to just permit us to ford it. There is here a small but well- 
sheltered valley of rich soil, where vegetables and hardy cereals are 
successfully cultivated. 

Sunday, June 29. — At 6 a. m. we broke camp and marched 15.5 miles 
to the North Fork of the Big Popo-Agie Itiver, crossing the valley of 
the principal stream on the route. This latter is of considerable size, 
has a rich soil, lies well for irrigation, and is well watered. The climate 
is quite mild. It ia the old site of Camp Brown, and is now occupied by 
a small settlement of whites, among them several women.* 

The valley of the North Fork is quite similar, although the land does 
not lie so well for irrigation. The graziiigland everywhere around is 
very tine. 

Monday, June 30. — Marched eleven miles to Camp Brown. The road 
irom the crossing to the Little Popo-Agie follows a monoclinal valley 
parallel to the mountains, and is excellent. The country is rolling, with. 
a good soil, supporting a fine growth of grass, but no trees. Camp 
Brown is situated on the right bank of Little Wind Eiver, just above 
the mouth of its north fork. The stream has just emerged through a 
short caiion from the long rolling outlines of the mouutaius, and shows 
a broad, flat, aud well-watered valley of rich soil. A large area of laud 
in this valley cau be irrigated with but little expense. The climate is 
very mild and, so far as observation has yet gone, but little snow falls 
winter. The mild and dry climate is easily accounted for from 
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its situation uml^r the lee of ft very high range of mouLtains, which 
catches tlie prevailing storms on its sontheru face and deflects them to 
the sonth, whence tliey are drawn down the Sweetwater Valley as 
throngh a funnel, making a fierce eddy and the corresponding severe 
climate over South Pass City and Camp Stambaugh, 

On the river, two miles below the post, there is a large, hot sulphur 
spring in a small lake, which has remarkable properties for bathing. An 
analysis of the wat«r, by Dr. Heizmaiin, discovered chloride of lime as 
one of the constituents. The temperature is usually 110° F. Near by 
there is a running oil-spring, and also large beds of gypsum and alabas- 
ter. There is also a cold sulphur spring a few miles southwest from 
the ])OSt. 

Kear by is the agency of the Basteru bauds of the Shoshonee Indians. 
Their chief, Washakee, is thoroughly well known on the plains, and is a 
man of considerable ability and foresight. He espresKed a strong de- 
sire to see a railroad come through his country as a result of tliis expe- 
dition, and took great interest in it. 

Table of distances. 

Milea. 

Fort Bridger to Camp Stambaiiftb 135 

Brjau,on the Union Pacific Railroad, to Camp Staiiibaugh 99.5 

Bryan to South Pa as City 93 

Bryan to Camp Broun 146 

Bryan is the point from which aupi)l!es are shipped to the Wir;d Kiver 
posts. 

Until July 10 we were engaged in turning in the wagons and wagon- 
train material, rigging up the pack-train, and in measuring out a base- 
line and carefully locating the principal landmarks with alarge transit- 
theodolite. An expedition for the ascent of the Wind River Mountains 
went out on the 5th and returned on the 10th. Ten Shoshone Indians 
were enlisted as scouts, and Narkok, a petty chief, was employed as 
guide. These Indians stipulated that their families should be permitted 
to accompany them. To this I had noobjection,asitinsured their good 
behavior, and they could easily travel as fast as we would be likely to, 

We received the utmost courtesy and attention from the oflflcers at the 
post, and the most cordial assistance from the commanding ofBeer, Cap- 
tain Torrey, and Lieutenant Guthrie, post quartermaster. On the 10th 
of July we broke camp early and attempted to make a march, but many, 
in fact most, of the traiu-mules were entirely new to packing, and created 
snch havoc, that we were quitecontenttomoveonehalf of a mileacrossthe 
river and go into camp again. It took all day to accomplish even this 
much, and there was great amusement and excitement over the despe- 
rate struggles of the frightened and frenzied mules. Mules require a 
season of training before packs should be put on them for a march, 
but this we had no time for, and were obliged to break them in while 
on the march. This involved the breaking of nearly every breakable 
arCicle in our ontUt, and many a sigh was mingled with the laughter 
over the antics of some wild mule as one after another of the fragile 
Injuries of camplitfe disappeared from usefulness. 

Fnday, July 11. — The morning was spent in repairing the damnges of 
yesterday's attempt at a march. Made a start at 2.30 p. m. and march- 
ed 8.4 miles t-o Sage Creek. This small stream has a bottom of soft 
mud and runs between almost vertical banks of alluvium. Our camp 
was at the neare** point to Camp Brown where it is fordahle. There is 
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no ford below it. Poor camp. There is a little grass, no wood, antl 
poor water. 

Saturday, July 12. — Marched 10.7 miles to Wind Kiver. Passed over 
a high platean covered with sage-brush, from which there is a consider- 
able descent to the valley of the river. This was swollen to a great 
height and was not considered fordable. We were prepared to make a 
raft-ferjry over it, but I thought it advisable while looking for a suitable 
spot to also see if a ford could be possibly found. 

Suntiay, July 13.— This morning the Indians set at work with the ut- 
most spirit in search of a ford. They stripped off all clothing except 
the soldier's blouse, with which they had been furnished, and, mounting 
bareback, drove their ponies into the stream at every possible point, 
where they soon became involved in many dangerous as well as ludicrous 
situations. Three or fonr hours of this sort of work was followed by 
the announcement that they had found a possible ford. The line wound 
around and up and down among the islands and shoals in the channel 
in the most tortuous mauner, and displayed an intuitive knowledge ol 
the effects of flowing water that was remarkable. It was really a skill- 
ful feat. Great care had to be observed in this crossing, as the Hue fre- 
quentlv ran alouff niirow shoals imid^treim wheie the rapid curren 
wts more than sw mming deep t few steps on either bide Sis hours 
wtre 0(«upied in effecting it when we went into camp on the opposite 
side 




Fig 1 ^ ind Elver Ford (Sliowo by liroken line ) 



A fine specimen of gold quartz [float) was found near this camp, 
washed down probably from near the summit of the Wind River range. 

Crossing the river aSorded a rare spectacle ; for a while, the long, tor- 
tuous ford was completely lined with the motley crowd of soldiers; citi- 
zens, pack mules, and gaudily- dressed ludiaus, with their sijuaws, 
children, and numerous loose ponies. Among them was a colt which, 
on acconnt of the deep water, was strapped legs up, to the pack carried 
by its mother. The presence of these Indians, wlio formed a small 
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The foUowiug paragraph should follow imiuediately after Figuro 1, page 12: 
lu theTicinity of this oroBsing, Wind River flows through a broad riband of meadow, 
of varying width, with numei'ons grovra of cottonwood, which grows to qnite a large 
size. The approach by the tight is over very high terraces of soft earth. Thi«e pla- 
teaus are so high that their cultivation by irrigation ia probably out of the qneetion. 
The soil is rich, and is covered with sage-brush and the Gbara«tecistic bunch-grass, 
which latter is of quite superior size. Wild licorice occurs Id the valley, On the left 
bank these terraced deposits are mostly worn away, leaving many buttes aad benches, 
among thera Crow Heart Butte, whose height and characteristic features render it n 
very noted landmark in the valley. 
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village, gave ua a rare opportunity of studyiug their habits and mode of 
life. They proved to be extremely vigLlaiit, and their couduct was unex- 
ceptionable, 

Monday, July 14.— Marched 14.8 miles up Dry Creek, on which we 
made our camp. The country rapidly grows coarse, dry, barren, and 
very dusty. Ho water, except in the creek, where it is poor; wood and 
grass are scarce. 

Tuesday, July 15, — A topographical party which bad been sent to a 
station in the Wind River Monatains overtook camp at 10 a. m., when 
we took up the march and moved 10,3 miles along the same creek, going 
into camp at a spot where there was plenty of wood, tolerable grass, and 
poor water. Dry Creek, from its name, probably does not always carry 
water through the season. 

Wednesday, July 16. — Broke camp 9 a. m,, and marched 18.5 miles 
through the foot-hills of the Owl Creek Mountains. The line of march 
lay through a country extremely desolate and quite mountainous in its 
character, the rocks being frequently tilted vertically, with some very 
large dikes of quartzite. Some quite extensive beds of gypsum and ala- 
baster occur, with deposits of iron-ore, (brown hematite.) These give,'to 
one caHon on the route a highly variegated appearance, which led us to 
call it "Painted-Eock Canon," Along the route, water, wood, and grass 
are very scarce, and only one stream (the Little Mucidy} was crossed. 
It was almost dry thus early in the season. At camp the water was 
from springs that were nearly dry, and was quite alkaline; aud the 
grass was tiiin and poor. There is no wood. In this region the rocks 
^re tilted and flexed in quite a remarkable manner, apparently by forces 
fi-om two directions, making a considerable angle with each other, 1 
saw Indications of coal, but may be mistaken. 

Thursday, July 17. — Broke camp at 9.30 a. m,, and marched across the 
Owl Creek Mountains, camping on the Middle Fork of Owl Creek. 
Distance 10.5 milea, over an easy trail. Wagons from Camp Brown 
have been taken across at this point and as far north as the Grey Bull 
Eiver. 

The mountain -slopes are generally rounded, and covered with a fine 
growth of grass; timber, aspen, pine, spruce, and hfnilock, occurs in 
ext^nsice groves, and there are many springs ami small streams on the 
northern water- shed. 

At 5.30 a. m. 1 took a small topographical party, with an escort and 
some Indian scouts, and started to make the ascent of the peak which 
forms the climax of the range, and reached the summit by 9 a, m, 

I have named this peak Phlox Mountain, from the extensive tields of 
white phlox that its slopes display. Prom this point it was seen that we 
were entering the Big Horn Valley close under the eastern flank of an 
enormous range of mountains whose existence, although suspected, was 
unknown. Subsequent observations showed it to be the same as that 
bordering Yellowstone Lake on the east, and connected with it by a belt 
of massive peaks fully sixty miles in width. To the north and east lay 
the Big Horn Valley, visible through nearly its whole extent, with its 
streams running transversely from the unknown range to our left into 
the Big Horn Eiver northward. As far as the eye could reach could be 
seen a grand and endless series of faces of broken strat-a of the sedi- 
mentary rocks looking up to and dipping away from the Owl Creek 
range. 8ti angely enough no strata could be seen dipping trom the vastly 
larger range on our left. Toward the southeast the Owl Creek range 
evidently ran out in thevicinity of theircrossing of the Big Horn Eiver; 
to the northeast were the Big Horn Mountains, of which little could be 
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seen except Cloud Peak and a few peaks in its vicinity, distant one 
hnndred miles. Subsequent and frequent examinations of this range 
from a distance of eigbty mile^, an*) from many high points, show tliat, 
with the exception of the clust«r of culminating points just mentioned, 
the range must be a low one, with the general line of the summit much 
below the timber-line. North of Cloud Peak this summit appears re- 
markably even and free from peaks, from which I infer that it is a high, 
rugged platean. Very little water drains from their western slopes, and 
the country appears quite desolate and barren. To the southeast lay 
the " bad lands " that are inclosed within the angle of the " big bend " 
of Wind Eiver, coming quite up to the foot of the Owl Creek range. 
The quantity of water that drains from the south slopes of this range 
is qnlte smalljandfrom the north slopes bnt little is supplied to Owl 
Creek, which is in reality a drain from the mountains to the westward ; 
to the south, across the valley, the Wind Kiver Mountains stand out in 
massive grandeur, with snow-clad peaks along their whole leigth. 
Prom the Indians I learned that tlie snow disappear during the sum- 
mer from all except in the vicinity of TTnion Peak. Along their ilank, 
and sweeping up to their summit from the valley below with wonderful 
symmetry and regularity, lay the huge layers of Silurian, Carboniferous, 
Triassic, Jnrassic, Cretaceous, and Tertiary rocks, forming immense 
ridges, and forcing one to the simile of the petrified waves of a mighty 
geological ocean. 

1 noticed in this vicinity that along the summit, in the neighborhood 
of Phlox Monntain, the metamorphic rocks are similar and are arranged 
similarly to those at the summit of the Wind River range. Good camp. 

Friday, July 18 — Left camp at 6 a. m., with a topographical party, 
accompanied by Professor Oomstoek and Lieutenant Blunt, to make the 
ascent of what appeared to be the highest peak in the range west of 
us, distant about fourteen miles. The approach appeared to be one of 
great difficulty, and when i asked the Indians if they could guide me to 
a point somewhere near it, they said they knew of no way to get there 
at all, 1 bad examined the country for an approach the day before 
from Phlox Mountain, and could see none except by following along the 
soutli slopes of the Owl Creek range. This varied considerably from a 
direct line, but seemed to be free from canons. The question was a 
serious one, as the peak was so far away, and evidently of such a diffi- 
cult character, that a mistake would be attended with a considerable 
loss of time. At 12 m., after a rapid march of six honrs, I ascended one 
of the peaks in the Owl Creek range to reconnoiter for a further 
approach, and was fortunate in picking out one by which we could 
probably i-each the foot of the peak by night-fall. In a short time we 
reached Owl Creek, just above its grand canon along the anticlinal 
axis of the mountains, and at 6 p, m,, thinking ourselves near enough 
tor the assault to-morrow, we made our bivonac, after a pretty hard 
day?s work. 

Saturday, July 19. — Taking an early start, we commenced examining 
the peak for a feasible point of attack, and marched up Owl Creek until 
9 a, m. before finding one. We then secured our animals, and at 9.30 
a. m, the ascent wa« commenced. 

This peak, to which I have given the name of the " Washakee 
Needles," is a terrible crag. Its appearance from the valley of Owl 
Creek, above our camp, is simply frightful, sheer precipices of whitish 
lamellar granite rising up from the valley fully 2,500 feet high. From 
this side it is unassailable, and we spent the best part of the morning in 
looking for a waj- across to the other side, expecting to find there a slope 
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of some kind. After five hours of severe and ostremely dangerous climb- 
ing, three of the party — two of the topographers, very fortunately, and 
to my astonish ni en t, with the baronieler and theoilolite — and myself 
tound ourselves at the limit of progress toward the summit. The peak 
is formed hy several huge plates of granite, whose snrnmit-lines are serrat- 
ed with teeth at which the edges are generally vertical. The summits are 
so narrow that in places one can actually sit astride, with legs dangling 
over great precipices on either side. We were upon the serrated snmmitof 
the plate adjacent to the highest one, whose summit loomed with pre- 
cipitous sides fully 200 feet above iis. Between was an immense gulf 
separating the plates. Not only was further progress impossible, but 
we could see now that the summit was absolntety inaccessible except 
with the aid of appliances for climbing, and probably not even with 
them. We took the angle and estimated the distance to the summit; 
finished our instrumental work apon a ledge a little below our highest 
point, for there was not room on top to set up an instrument and use it^ 
and were very glad, indeed, to commence the descent. The situation 
upon oar pefch — no one dared stand up on it — was anything bat pleas- 
ant, and we left it only with the barniug regret that it had not been the 
snmmit. Messrs. Putnam and Bond, who carried the instruments up, 
certainly deserved success. The approximate altitude of the peak is 
12,250 feet. From our dangerous perch the view, spread out to the north 
and west, was grand and even terrible. As far as could be seen lay a 
jagged mass of peaks of dark-bi-own volcanic ^eetamenta, which sliowed 
black in the shadows of the falling sun, giving to the whole that appear, 
ance of black shadow and mystery which always produces such strong 
impressions on the mind. 

Later observations lead me to the belief that we were looking upon 
the headwaters of the Snake and, possibly, the Yellowstone Kivers. We 
were upon the highest peak in sight in this range. 

By 5 p. m. we had completed the descent, and found the rest of the 
party, one of whom, Lieutenant Blunt, had narrowly 'escaped with his 
life. 

We marched back over our trail until after dark, and then made our 
weary bivonac for the night. 

Owl Creek, above its oaQon, runs through a splendid park, abounding 
in game — mountain sheep, bear, elk, deer, and buffalo. 

Sunday, July 20. — Started back a. m. for camp over a route selected 
from the mountain yesterday, and reached it 1.3U p. m. 

Monday, July 21. — Marched north -north west eighteen miles to Cotton- 
wood Creek. The line of march lay through the grassy and well- 
watered foot-hills of the mountains. Scrub-cedar grows upon the hills, 
and cotton- wood along tlie streams, both somewhat sparsely. This 
country is a favorite range for buffalo. The grass is very fine. At 
camp we found a very cold spring, temperature 41° E. Wood is scarce, 
and there is an ontcrop of coal near by. I have renamed this stream 
Mee-yer-o Creek, giving it an Indian name. The early trappers, follow- 
ing the Indian practice of referring to streams by means of the nataral 
features about them, have intlicted the country with numberless Cotton- 
Wood, Willow, Sage, &c., Creeks, which is sure to lead to much confusion 
hereafter. Prom what I could gather, I am of the opinion that the 
Shoshonees do not have distinct names for the streams and mountains, 
but rel'er them, where they are not iii sight, to prominent landmarks or 
characteristic natural features in their immediate vicinity; thns, the 
Stinking Water Eiver would be spoken of as " the stink water iasuch a 
direction and near such a landmark ;" the South Pork of the Stinking 
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Water, as " the water with a peculiar-shaped rocb close by it ;" Beaver 
Creek, as " the little water near such a landmark, where there are many 
beavers ;" WindEiver, as "the big water by such a landmark, where the 
wind blows very hard," &c. 1 do not thiuk that they have names for 
the mountain-ranges at all. As there is a remarkable sameness amoug 
the natural features along the streams in the plateaus of the Kocky 
Monntains, it results that a large number of streams are uamed alike. 
On this account I have changed a few names. 

Tuesday, July 22. — Marched 13.6 miles to Beaver Creek, and went into 
camp 12.30 p. m., where we found good grass, wood, and water. The 
country is still high-rolling, with fine grass all over it, and few trees. 
Extensive patches of the wild gooseberry grow along this stream. I 
have renamed it Gooseberry Creek, feeling little apprehension that the 
name will be duplicated. 

Wednesday, July 23. — I find that by making marches in the forenoon 
everybody becomes too tired to work to advantage in the afternoon, and 
have therefore decided to make them in the afternoon, etarting about 
noon. Were we simply marching through the country it would be dif- 
ferentj but in eases of this kind the mai-ching should ha made subsidiary 
to the work of examining and describing the country. As our marches 
are short, it is not too fatiguing to travel in the heat of the day, and we 
are thus enabled to examine the country about camp during the tore- 
noon, obviously to greater advantage. Another advantage is that the 
animals have plenty of time to graze before starting on the march, 
which they do not have when an early start is made, and it is very im- 
l>ortant that pack-animals should eat their fill before starting on a 
march. 

Some Shoshonee Indians came in from Washakee's camp near the 
Stinking Water Eiver. They report immense herds of buffalo lower down 
in the valley, and that the village is having a grand hunt. We have 
seen a number of straggling buffalo in the past few days, and several 
have been killed. 

Marched 10.7 miles to Grey Bull Eiver. This is a stream of consid- 
erable size, running through a narrow valley, which two or three miles 
above widens out very much and encroaches into the mountains. An 
expedition of miners, called the " Big Horn Expedition," came into this 
country from the South in 1870, and brought one wagon as far as this 
stream. Here they disbanded and the most of them returned to the set- 
tlements via Camp Brown, while a few made their way into Montana by 
the way of Clark's Fork and Eoscbud. 

Thursday, Julp 2i. — Marched seventeen miles to a small tributary of 
the Stinking Water, which I have named Mee-fee-tsee Creek — a Sho- 
shonee name. Grass and water are a little scarce. About three miles 
ahead of us, at the foot of a huge spur from the mountains, the Sho- 
shonee village is encamped. The divide betweeu the Grey Bull and the 
Stinking Water is quite high, and the descent into the valley of the lat- 
ter rather abrupt. 

We have had all day a good view of the Big Horn Mountains, and I 
am satisfied that, with the exception of Cloud Peak and a few peaks 
about it, the range is comparatively a low one. The valley of the Big 
Horn appears very desolate, except along the valleys of the streams, 
whicii are fHiiged, as usual, with cotton-woods and narrow, grassy hot 
toms. 

Friday, July 25. — This morning Washakee, with a large party of his 
braves, in full dress, made me a state call. He was mucli interested in 
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the expedition, but did not seem so well pleased at having so many of 
his best young men go with us as soldiers. 

At 2 p. m. we moved camp 4.4 miles, to a point near the Shoshonee 
village. Five more of them were enlisted by Oaptain Noyes, and one 
Joined us tis a volunteer, raising the numberoflDaians with our party to 
seventeen. The captain also swapped off a poor iiDfortnuate fellow who 
had developed a case of hopeless sore eyes for a healthy one. The tribe is 
terribly afflicted with syphilitic affections. The village was perched well 
up on the mountain -side, on a small stream which liere opens out into a 
diminutive valley, just above a loTig, gloomy cafion. Its existence would 
never be suspected from below. From the lookouts the view of their 
sentinels swept all possible approaches thoronghly. Unobserved ap- 
proach was impossible, and a better place for defense could not well be 
selected. Constant incursions into this valley of large war-parties of 
Sioux gave wisdom to their precautions. 

To our surprise, the mountain-spur above us is composed almost, if 
not entirely, of volcanic matter, which, in some places, contains fossil 
trees of consideri>ble size. Its measured altitude is 8,607 feet, which is 
3,400 above the valley of the Stinking Water. Grass is thin and wood 
scarce. 

Saturday, July 26. — Marched 18.8 miles to the North Fork of the Stink- 
ing "Water itiver, crossing the SouthFork, or Isha-woo-aEiver. Ihave 
given this stream the Indian name of a peculiar-shaped rock, by means 
of which they distinguish it. It is a remarkable, finger-shaped col- 
umn of volcanic rock, standing alone in the valley, about thi-ee miles 
above our crossing. The valley of the Stinking Water has here an ele- 
vation of 5,273 feet above the sea, and is the lowest point touched by 
the expedition. Just below the junction of the two forks, and about a 
mile below our erossin^r, the river, by a deep and rugged but short 
canon, cuts off the point of a sharp and high anticlinal ridge of yellow 
limestone which stands vertical along the summit, leiiving a high, bold 
peak on the right bank, which the Indians use as a landmark. They 
refer to it as the "mountain with many cedars." I have, therefore, 
called it Oedar Mountain. High up on its southern face is a remarkable 
hole, which the Indians called my attention to, and said it was very 
deep. I could, with my glass, see that it was a hole, and intended to 
visit it after reaching camp, but was prevented from doing so by more 
nrgent business. About twenty miles northeast from this point is a 
small, isolated cluster, which is probably the Heart Mountain of the 
early trappers and guides. 

To-day we began meeting with huge spurs running out from the 
mountains at about right angles ; also evidences of tremendous volcanic 
action. The drift in the valley is composed of the debris of volcanic 
rock. We passed the remains of a large deposi ting-sulphur spring. 
The water oozed from a cylindrical mound of soft mud, a little har- 
dened on its rim and held together by the roots of a rank growth of 
water-grasses. It lies close to the Ish-a-woo-a Kiver, on the south side 
near where our trail crosses, and probably at one time contributed 
largely to the odorific title of the main river. A few miles lower down, 
below the canon, a mass of sulphur springs occur which still give good 
cause for the river's name. On the North Fork we found the extinct 
remains of a mass of depositing springs; the whole bill-side was covered 
with the large sedimentary mounds of soft black and brown earths, hav- 
ing a good deal of transparent gypsum in crystals and small pieces 
scattered through them. 

On the mountains there is a tolerably heavy growth of coniferous 
H. Ex. 285 2 
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trees, and along the streums the everlasting cottonwood flourishes. The 
valley of the North Fork for a considerable distance above the caiion 
has very little grass except a very tall, coarse kind, that grows in 
patches near the water, and is not sufficiently nutritious to induce the 
animals to eat it. The soil has a peculiar greasy, yellowish look, and 
only supports a stinted growth of grease-wood and sage-brush. The 
Stinking Water is a river of considerable size, aud, prooably, is rarely 
fordable below the junction of its two main forks. We had considera- 
ble difBciilty in finding a ford across the Ish-a-woo-a, even this late in 
the season, and probably neither of the forks are fordable much 
earlier. 

Above the canon the waters of both streams are perfectly pure and 
have no smell. Fine tront are abundant and game has been very plen- 
tiful. The tracks indiciited that the elk and mountain-sheep have lately 
moved higher up into the mountains. 

Sunday, July 27,— Marched 14.7 miles up the North Fork of the Stink- 
ing Water, and camped at the mouth of its grand caEou, We entered 
the mountains yesterday. Along the trail the soQ is rather poor and the 
grass is thin. Wood is abundant. The latter partof the trail, for about 
si:: or eight miles, is quite rough, and crosses a small but remarkable 
bed of tertiary deposits of colored marls and clays, 

The mountains are very rugged. The rocks are mainly limestone, 
sandstone, and a coarse volcanic conglomerate. The sedimentary rocks 
soon disappear, and the peaks are composed of, apparently, horizontal 
layers of volcanic ejectameota. The prevailing color is a dark-reddish 
brown, which gives the mountains their marked black haze in shadow 
and bronze tint in the light. The conglomerate weathers into the most 
fantastic pinnacles, needles, and grotesqne forms. When interstratifled 
with the rich brown sandstones it weathers into characteristic rounded 
columns, displaying tier npon tier, reaching above the timber-line into 
•the clouds, ofsculptured balconies supported by long processions ol pilas- 
ters and clustered columns, while, clambering up from below, forests 
■of spruce and pine, growing on seemingly impossible slopes, cover the 
^mouutain-side to the upper limit of forest-growth. Compared with any 
mountain scenery that I have seen, the effect is quite peculiar, and even 
magnificent. The massive grandeur of the huge peaks is suffused 
with a rare beauty of form and color. At the mouth of the caiion, upon 
-either side, stand two lofty and slender peaks of similar form, which I 
.have named "The Sentinels." 

Monday, July 28. — Marched up the stream 9.1 miles. The trail enters 
ithe canon, and is verj' difidenlt, leading along steep and seemingly im- 
possible slopes above the river, with frequent precipices below and 
.above. To avoid a huge precipice which reached quite into the river, 
unfordable through the caiion, it made a detour to the right over the 
>most difficult hill met with on the trip. It did not seem possible for aui- 
n]als to climb it, aud the mishaps to the pack-train were qnite uumer- 

The grotesque forms of the conjrlomerate previously alluded to afforded 
great amusement to the party. It is really something remarkable. 

After the hill came a short, broad bottoui of sagebrush, and then the 
huge precipice- walls of the caiion closed in upon the river, leaving only 
-a narrow bauk, first on one side and then the other, densely covered with 
cottonwoods, brush-willows, and scattering pines. It was necessary to 
ford the river repeatedly — no easy matter — and the dense undergrowth 
of brush made progress anything but pleasant. Earlier in the season 
this stream is in all probability unfordable, and progress along our trail 
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therefore impossible. At last we came to a patch of grassy bottom, 
just large enough for the party to camp upon, and a halt was cheerfully 
called. 

The caiion- walls are streaked with dikes and veins. To-day and thence- 
forward it was found necessary to send a pioneer party from the escort 
ahead of the main body to clear and make the trail. Captain Noyes 
generally took charge of this party, and to his untiring efforts the expe- 
dition owes much of its successful progress. 

Dnriog the day the Indians have been following the fresh trail of two 
white men with two led horses, who have ascended the valley just ahead 
of us. After reaching camp one was sent ahead to reconnoiter, and 
about three miles tarther on he found them, just as they had predicted ; 
two white men with two spare horses, which were packed. Tbey were 
prospectors from Clark's Fork, and were greatly relieved when they 
found we were not Sioux, as they bad supposed upon first sight of our 
Indian scout. 

Tuesday, July 29. — Laid in camp. The pack-train wsts so badly used 
up that it was necessary to give the auimals rest, and replace the lost 
shoes and tighten the loose ones. 

Wednesday, July 30. — Broke camp and marched 14.5 miles up the 
stream. The trail was extremely diffiealt and beset with danger, both 
upon land and in the water. In one place it was so dangerous that even 
the Indians dismounted and led their ponies over it. Those who under- 
stand how Indians stick to their ponies in the most unbeardof places 
rather than dismount, will appreciate the difficulties of a situation that 
induced them to travel on foot. The stream was forded seven times. 
At one of these crossings, which was quite difficult, a pack-mole lost 
his footing and floated, pack aud all, some distance down stream. 
Through the extraordinary exertions of Mr. Curtis, our chief packer, 
this animal was saved, though at the expense of its cargo and aparejo. 
Mr. Cuilis came very near drowning, and broke one of the bones of his 
right baud — a serious accident. 

On this march we emerged from the caiion and came into the park 
that is usually found near the head of mountain streams. At camp 
there was splendid grass and plenty of wood. Along the stream is a 
thick growth of cottouwood, pines, cedar, and willow. The mouutaiu- 
slopes are densely timbered. 

We are passing through what appears to be one ridge of maximum 
elevation in the mountains. They seem to be composed entirely of ma- 
terial thrown from or poured out of volcanoes, aud yet no distinct crjv 
ters, or anything that looks like them, can be seen. Estimating from the 
timber-line, many of these peaks are over 12,000 feet bigli, and some 
carry at this season vast fields of snow on their northern slopes. From 
the precipitous character of the weathering about their summits, many 
of them will probably be found inaccessible. 

Thurxday,july^\. — The Indians say that I can make one "big march" 
to the divide, or two easy ones, and get across it. I choose the latter, 
and we start at 12.30 p. m., marching eleven miles up the river. 

The trail leads through a perfectly lovely country of opeu pine forests, 
carpeted with long soft grass and the mountain- huckleberry. This berry 
is quite small and red, and has a very delicate flavor. We camped in 
a spot that was absolutely perfect, having ice-cold water, a broM meadow 
of thick grass, with dark forests of spruce and pine close around, car- 
peted with a long grass that makes our camp-bed feel like down. Elk, 
deer, and trout are abundant. A mule deer was killed. 

I find to-day that we have crossed the highest ridge of the mountains ■ 
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and that the pass at the Lead of the Stinking Water is probably throagh 
a secondary ridj;e, aud not the maiu divide. 

At this point it became necessary to ascend a neighboring peak to do 
some important topographical work, and it was decided to lay over one 
day for the purpose. In this connection the qnestion of provisions 
asserted its importance. It appeared that by making all possible haste 
to Yellowstone Lake, aud sending the paeit-tj'aiu from tbere to Fort 
Ellis for supplies, the party left behind would be out of provisions before 
it could get back. As one day more or less in a case of that kind would 
not make much difference, it was decided to lie over, do the necessary 
work, and meet the consequences by shortening the allowance of pro- 
visions, should it become necessary. An examination showed that the 
soldiers had eaten more than their allowance of iiour; that my party had 
consumed considerably more than its allowance of everything, and that 
the Indians bad devoured their rations long ago and were subsisting on 
the country. They frankly confessed that the supplies thus obtained 
were rather scanty, and that they were getting hungry. Just here may 
be explained the secret of the tremendous marches made by war-parties 
of Indians. Having the power of going several days without food, they 
have no need of a train to incumber their progress. 

Friday, Augitst 1. — Started at 5.30 a. m. with a party consisting of 
Dr. Parry aud Messrs. Bond and Putnam, with the theodolite and ba- 
rometer, to make the ascent of the peak before mentioned, and reached 
the summit after three hours of pretty stiff and some dangerous climb- 
ing. The poiut proved a very good one for examining the eastern slope 
of the divide between the Big Horn and Yellowstone drainage. We 
were in the midst of a mass ot wild aud rugged pesiks, seemingly thrown 
together in the direst confusion. To the west, and not far distaut, was 
a line of peaks which evidently formed the "divide," and through a 
depression in it, to the noithwest, we could see mouiit-ains, which were 
evidently upon the farther si<le of the Yellowstone Valley. The day 
was spent iu work at the summit, aud we reached camp at 7 p. m. very 
tired and hungry. This peak we have named " Sailor Mountain." 

Saturday, August 2. — Broke camp at 8.;iO a. m. and marched 14.4 
miles, across the divide and into the Yellowstone basin, about one mile 
from the pass. The trail was excellent, except the short spurt of ascen 
into the i»ass, which was severe. This slope is on a friable volcanic 
sandstone, carrying but little soil, aud smooth aud bare in mauj' places. 
The hoi'se in the odometer-cart broke down completely at this spot, 
and the cart had to be left behind. 

After the Indian guides, 1 was the first to reach the summit of the 
pass, and, before 1 knew it, had given vent to a screeching yell, which 
was taken up with a wild echo by the Indians ; for thefe, seemingly at 
their feet, and several miles nearer than I had expected, was spread out 
a scene of exceeding beauty — Yellowstone Lake — embosomed in its sur- 
rounding plateau, and a mass of gteeu forest extending as tar as we 
could see. Slowly, and in single file, the remainder of the party came 
toiling and panting up, leading their auimals, and, spite of lack of 
breath, each gave the same involuntary yell as the wonderland burst 
upou their view. Perhaps there was something that moved us in the 
broad and startlmg contrast between the dreary deserts, the sage-brush 
plains, the awful and lufyestic mountains, and that broad expanse of 
fresh, hazy, and sensuous beauty that looked up so invitingly at us from 
below; but tbere was also the proud feelingthat we had crossed the "im- 
passable" mountains. 

There was no time to he lost, however, and I ascended a neighboring 
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peak in company with the theodolite-and-barometer observers, to do the 
important work that was now presented to us. From this point it could 
be seen that Yellowstone Lake lay in a broad and high rolling plateau, 
densely covered with trees; that from it, to the west and south, there 
are no mountains except Mount Sheridan and the Tetons, and that the 
country probably slopes off gradually in those directions into the basin 
of Snake Eiver. We fonnd fresh tracks of mountain sheep exceedingly 
numerous, but there was so much noise that they took the aUiriii iu time 
to get out of sight. Two bears came down to witness our passage, liitE 
the hostile demoustrations of our Nimuods scared them away. 

We reached the camp of the main party at sundown, when it ap- 
peared that Dr. Parry and the two white guides were missing. 

I have named these mountains " The Sierra Shoshoiiee," because the 
right to name them is clearly mine, as I have been the first to cross 
them and mark out their geographical position and extent. Professor 
Hayden has called what he has se-en of them and their western border 
sometimes the " Snowy Mountains " and sometimes the " Yellowstone 
Mountains," but he has also applied the latter uame to a range lying 
south of Yellowstone Lake, that has no existence.* 

SunAmj, Augusts. — Owing to a miserable contretemps, this day was 
lost. The trail to the lake was not found by 2 p. m,, so I had the 
train unpacked, and went into camp without making any move. This 
camp wasinasmallopeningintheforest, near a very Iarge,gn8liingspring, 
whose temperature was 38^ r. There are also, close by, some bubbling 
^s-springs from pools of water at 38"^ F., that have regular one-minute 
intervals between timesof maximum action. The gas is sulphurous acid. 

Grass was very scarce and i)oor about camp. Measures were taken 
in the morning to discover our whereabouts to the supposed lost mem- 
bers of the party, and the odometer-cart was brought in. At 2.30 p. m. 
I took fonr packers and went back to the old trail, which we rapidly 
followed down to the prairie on Pelican Creek that was open to the 
lake. Returned to camp at 6.30 p, m., where I found a note from Cap- 
tain Noyes, informing me that he had made his way to the lake, and 
that the three missing persons were there, and not likely to suffer, as 
they had killed an elk. 

Monday, August 4. — Broke camp at 9 a. m., aiid marched about 
eighteen miles, to the outlet of the Yellowstone Lake. The last of the 
three odometers gave out to-day. About six miles from camp we came 
upon a lake of warm water, with a multitude of diminutive hot sulphur 
and gas springs on its eastern shore, and some large springs breaking 
out from beneath the water near this shore. It is the recipient of quite 
a stream of pure cold water from the mouTitains, and has an outlet into 
Yellowstone Lake. On the south side of the lake is a small mnd-jniff, 
steaming and fuming away, depositing various forms of sulphur. Two 
kinds of rock seem to be forming in its immediate vicinity ; one a con- 
glomerate from the surface-material. A careful study of the way iu 
which rocks are decomposed and others formed from the resniting 
material by the hot steam and gases from the springs of this basin 
ought to throw light upon the dark subject of metamorphism. 

On Pelican Creelt, in the timber about six miles farther on, there is 
another system of depositing-springs, supplying a large mass of red 
earths and recently-formed rocks. An analysis showed the existence 
in those deposits of chromium, a rare mineral. 

The trail down the mountain side was through a dense forest, very 
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much obstructed with fallen timber. Aloug Pelican Greet is a strip of 
rolling prairie, with marsh close by the stream, wbile near its junction 
with the lake the greater portion of its valley is marsh. This prairie is 
the borne of great numbers of field mice and moles, which have bar- 
rowed up the ground to sucli an extent that it is traveled over with diffi- 
culty. The same is true of a great deal of the open country in the 
Yellowstone basin. Along the north shore of tbe lake the timber is 
interspersed with many grassy openings. 

Tuesday, August 5. — I sent the pack-train to Fort Ellis for supplies. 
It was accompanied by Captain Noyes and the escort. Lieutenant 
Hall and a few men remained with ns. There is very little, if any, 
danger from hostile Indians in the park at present. Small parties of 
Baniiacks, Mountain Crows or Snakes, {" Sheep-eaters,") might try to 
steal something, but they are arrant cowards. 

As far as my observation went, good camping-grounds for parties of 
ordinary size can be found almost anywhere in the basin. 

At this camp a complete series of astronomical and hourly meteoro- 
logical observations was instituted and continued during our stay. 

Two p. m. found the beach sprinkled with explorers, spread out at 
full length, with strained eyes close to the sand, waiting for a crystal to 
" pop up." The sand is full of clear, sharp but diminutive crystals of 
dillerent minerals, mostly silica. These crystals are perfectly shaped, 
and quite beautiful. They come from a porphyritic-trachyte porphyritio 
with glassy feldspar and silica, that occurs among the igneous rocks of 
this region. Much of tbe quartz is amethystine. The north shore of 
the lake has a long, shallow, sloping beach of soft sand, very convenient 
for bathing. The temperature of the water varies between 50<^ F. in 
the morning and 65° F. in the evening. It is influenced considerably 
by the heat of the sun, but at any time is cold enough to break down 
the constitution of the strongest bather if persistently applied. I have 
ventured to name this place Crystal Beach for the benefit of future 
poets and sentimentalists. 




ri„ 2 CrjsUl liejch 



We find, as others before us, that the trout of the lake are perfectly 
splendid in size and condition, but are full of parasitic intestinal worms, 
which leave the intestines and enter the flesh. 
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The forest here is made up almost exclusively of pine, (P. cotilorta-.) 
Toward the lake thsir branches are stunted and bent upward toward 
the truuk, while ou the north side (Crotn the lake) they grow out long 
and free. The contrast is very noticeable, showing that the prevailing 
storms come from the south (southwest t). Tliia is to be exjiected as the 
basin is all open toward the south and west, and is completely hemmed 
in by high mountains on all other sides. 

Thursday, August 7. — While breaking camp this morning a party of 
horsemen were discovered upon the other side of the river. They proved 
to be a party of officers from Fort Ellis. 

After planting in a cache a lot of provisions and material, for which we 
did not have transportation, we started at 12 m. and marched fifteen 
miles to Yellowstone Falls. The river near the lake is not fordable, and 
generally between the lake and the falls is unfordable. Jnst below the 
mud volcano there is a ford that can be used late in the season. Our 
Indians stopped here, whei-e they crossed the river to await our return 
upon the other side. 

Two of my topographers started down the river upon a rude raft 
■which they had constructed, expecting to get down to the falls before 
the main party. They were to sketch the stream and make soundings. 
Uu fortunately about six miles below the lake they were swamped in 
some rapids, whose existence they had not discovered in time, and were 
obliged to abandon their raft, from which they escaped with much diffi- 
culty. They did not reach camp that night. 

The trait is very good, about eight miles of it next to the falls being 
through open country. Some very line springs occur opposite and si little 
below the mud volcano. Along the streams there is considerable marsh, 
and also along the river jnst above the rapids. 

Friday, August 8. — Decided to remain at this camp two days. We 
are following the trail of Captain Noyes, which here runs into the direst 
confusion, branching off here and there, but each part always returning 
upon itself. They have evidently lost the trail and have been hunting 
for it. We had no guides who were conversant with the country about 
the lake, and I had trusted to our ability to pilot ourselves by the map 
of Captains Barlow and Heap, United States Engineers, who wei-e 
here in 1871. I sent the guides out to find a continuation of the trail, 
and afterward visited the upper falls and examined the rocks in the 
canou and about the falls with much care. With Lieutenant Elnnt I 
went below the fall. This required some pretty nasty climbing along 
the water's edge about the immediate approach, perhaT>8 not so much 
from the actual danger as from the moral effect of the terrible torrent 
just below, which seemed to clamor and roar at the prosiiect of a mis- 
step by the human intruders upon a smooth, slimy shelf of rock, scarcely 
wider than the foot, which bad to be passed at one place. Ten or 
fifteen feet from the mass of falling water, just on its Hank, and a little 
to the rear, farther progress became impossible, for here the loose debris 
which occurs at intervals along the torrent's edge gives out, and one 
stands against the face of the vertical wall of the fall gazing into the 
cauldron of unknown depth, which the impinging water has worn into 
the igneous rock, softened and disiutegrated by the heated gases and 
vapors from God's awful laboratory beneath. By the barometer the 
height of this fall is 150.2 feet. Its beauty is really remarkable. The 
water eoutribates beauty of form and color, and the rocks grandeur, as 
from their vertical jointage they weather and are worn into vertical 
walls, sheer and straight, of tremendous height. Just before taking the 
leap there is a sharp bend in the chaanel, which narrows considerably 
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and wears oat below, and to the right iv huge semicircular precipice. 
The rocks are a porphycitic trachyte, ami a loose eoiiglomerate coutain- 
iiig'qiiite a large variety of igneous rocks. This conglouierate will repay 
future stuily. 

We then well t to the lower fall, but became separated on the way. 
He dcBceaded to the bottom of the eaiioii below, while niy progress be- 
came obstructed at the verge of a precipice about 80 feet high, spring- 
ing up from the seething waters close by the flank of the fall. The 
rocks, like those abont the upper falls, weather vertically, and, from 
greater decomposition, into pinnacles and isolated slopes of Mbris lying 
thin on the softened and disintegrated surface. 

I did not enjoy the sight of this fall at all, as my attention was con- 
stantly diverted to the steep and narrow galch in the rock, at whose 
foot I stood, fearing that Lieutenant Blunt, whom I expected down every 
moment, might, by accident, start a loose stone from the debris, a mis- 
liap which would have inevitably knocked me into the waters below. 
Besides, there was just above me a huge drift of snow, and I began to 
feel certain that the time had come for it to be a small avalanche, I 
scrambled up the gulch with considerable difficulty, and soon found my- 
self in camp with clothing thoroughly saturated from the spray about 
the falls. 

During the early morning I had visited a mass of hot springs and 
gas-vents on the sides of a hill near camp. It seemed to me that I saw 
here evidences of the disintegration of the rocks by the hot waters, 
gases, and vapors from the springs. 

I have noticed that whenever there is a mass of gaseous spriugs, either 
in action or extinct, if they come from a hill-side, the whole mass of 
rocks adjacent is disintegrated and of yellowish and white color. 

Some of the party, while walking down the river along the edge of 
the grand canon, stumbled across what is probably Captain Noyes's trail. 
Progress in this direction bad been considered impossible. It after- 
ward appeared that he had pushed ahead, making his own trail, alter 
having lost half of one day in looking for the old one, which had become 
indistinct. 

/Saturday, August 9. — I sent back to the cache for extra supplies, and 
taking a small party, including Lieutenant Blunt, Mr. Hitt, and Mr. 
Putnam, returned to the lower fall, where we descended to the bottom 
of the grand cafiou. We could not approach nearer than about 100 feet 
from the fall. The water in the river is quite high for this season, and 
probably at a low stage a nearer approach can be ma<Ie ; but not much 
nearer, for soon the rocks at the water's edge slope smooth and almost 
veitioal into the torrent, and no clebriscan remain along the edge of 
such » tremendous current; besides, there is such a densecloud of spray 
that nothing could be seen even if a nearer approach were made, 

I have noticed no hot springs along the river between the falls, 
although there is abundant evidence of their former action ; but imme- 
diately below the lower, or great falls, they are quite numerous, oozing 
and spouting from holes in the solid, rock. Here I saw tliree that threw 
up slender columns (about half an inch in diameter) of very hot water, 
two or three feet high, like a fountain. The flow was continuous. A 
similar one across the river was just below the water's edge, and is only 
seen as the waves recede. Down the river little columns and clouds of 
steam gave evidence of the existence of numerous others. I infer that 
there are many of these hot gas and water springs, active and extinct, 
along the channel of the river through the grand caQou. Other explor- 
ers report their existence wherever they have reached the bottom of it. 



Hosted by 



Google 



EECONHAISSAHCE OF NORTHWESTERN WYOMING. 25 

Of those tbat we could examine, tbe greater number issued from clean 
lioles io the hard, smooth, (water- worn,) rock. Probably the material 
deposited irom the water gets washed off, while the gases stain the 
neighboring rocks. One spouting spring, however, had built for itself 
quite a symmetrical beehive- shaped mound of silica. An idea of the 
shape can be gained from the sketch below, (Fig. 3.) 

1"' 

VERTICAL SECTION S 



^^f^^l 




Fig. 3. Spoutmg Silica bpung Yellowstone Pilla. 

By improvising a horizontal sight we set np the barometer at about 
the level of the bottom of the fall, after which we ascendet.1 to its crest. 
We were on the right bank, where there is a narrow ridge, very steep, 
with loose dirt on it, which leads down to the crest of the fall. 'We set 
np the barometer here, with the teet of the tripod in the water, at the 
only spot where the water's edge can be approached at all. Tlie sharp 
ledge of rock here overhangs the precipice, and may fall off at some 
fnture day. 

Prom this point one gets the fullest idea of the grandeur of the fall. 
The depth of the cut seems immense, and the effect is heightened by 
the tremendous vertical wall on the right, which has a sheer lieigbt of 
fully 500 feet. On the face of this mighty gash in the rocks the column 
of falling water dwindles and appears small, and this, perhaps, is the 
reason the effect of the fall is not so impressive from below, or evenfrom. 
the bottom of the caHon ; the volnrae of water appears small in com- 
parison with the great height and mass that encompass it. The fall is 
so great that the whole volume of water seems to break into drops and 
spray before it reaches the bottom, and the chasm for one-third of the 
height from the bottom is filled with a mass of white vapor which very 
much lessens the apparent height to the eye looking from below. But 
looking down from the crest, one gets the full effect of the great height. 
The chasm is so deep that the trees along the bank have but a slight 
effect in the beauty of the surroundings. The height of the great fall 
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from otir measurements (barometrical) is 328.7 feet. This differs from 
tbe results obtaiued by previous parties, but from the satisfsictory mau- 
ner iu which our altitade work checked itself, I think it can be relied 
upon as a reasonable approximation. After examining Uie rocks from 
the top of the canon above the upper fall to the bottom of that below 
the lower fall, with a view of arriving at an explanation of their origin 
and the attendant phenomena, 1 find that at the upper fall tbe rock is 
mostly a hard porphyritic trachyte, aud Professor Comstock saw two or 
three dikes of trap. Higher up, aud outcropping between the tails, a 
layerof coarse, soft sandstone, (conglomerate,) apparently horizontal, aud 
distinctly stratified, occurs. It carries a good deal of obsidian in coarse 
grains, and its debris covers a good deal of the country on both sides of 
the river. Below this, and to the bottom of the upper canon, occur an 
amygdaloidal conglomerate; averycoarsecongloraerate, (rather breccia,) 
containing reddish-brown sandstone and obsidian, with well-marked 
cleavage; a coarse, friable stone, made up of grains of spherulitic obsi- 
dian ; and thehard porphyritietrachyte observed above the fall. Between 
the falls 1 observed no marked change in the character of the rocks, A 
yellowish color appears over the whole just above the lower fall, but it 
is onlyon the outside, and is evidently a stain. About and in the Grand 
Canon the rocks are nearly all tingetl a brilliant yellow, and along the 
walls are weathered largely into pinnacles with their summits tinged 
reddish brown. Everywhere that I broke the rocks the fracture showed 
clearly that the yellow color was only a tinge, and revealed their igneous 
character, and I tested some of the most marked specimens. I found 
tbe same hard porphyritic trachyte and granular obsidian rock that 
occurs above. Close by the hot springs in the caiion the trachyte carries 
the strongest tinge of yellow, (sometimes whitish,) and is sometimes con- 
verted into a cellular rock, the imbedded crystals having evidently been 
destroyed, 

I therefore suggest, in explanation of this phenomenon, that during a 
former period, when Yellowstone Lake covered a much more extensive 
area than now, the line now occupied by the river below the lake, 
especially from tbe falls downward through the Grand Canon, became 
the tine of escape for the hot gases, vapors, and chemical waters from 
the volcanic depths below ; that their action softened and disintegrated 
the rocks until the waters of tlie lake could wear them away and form 
the present river-channel. There is evidently a sudden break in the 
quantity of this action at the falls, with its maximum eftect below ; con- 
sequently the Grand CaDon commences in a very marked manner. This 
view is further supported by the fact before alluded to, that generally 
where these hot springs come out of the side of a hill, that side is excess- 
ively eroded aud the rocks stained yellow. In the deep Iranverse 
gulches that lead into the Grand Caiion from the east, there is an ex- 
cessive quantity of thermal and gaseous spring action. Iu many of 
these spots I have noticed what appeared to be solid rock, with the 
greatest similarity of outward contour to the undoubted igneous rocks 
close by, into which the finger could be thrust with ease, although the 
interior would be found very hot. A further examination than I had 
time to make would prove whether or not these are igneous rocks disin 
tegrated by heat and chemical action, as I am much inclined to believe. 

As the jointage is vertical, or nearly so, the walls of the cailou weather 
vertically. 

Kot withstanding the remarkably extensive evidences of volcanic 
action, we have seen nothing yet that could be satisfactorily identified 
as an extinct crater. 
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Deer-flies, (a kind of horse-fly,) mosqnitoes, and gnats are very numer- 
ons below the lake, and future travelers should be well supplied with 
netting, both for themselves and animals. They are not troublesome at 
night, owing to the cold. In other mountain localities they disappear 
with the extremely cold nights of July, but here, in the vicinity of the 
hot springs, they find plenty of warm rocks to roost upon when the 
nights are cold, so they can live on for an indefinite lateness of season. 

tiunday, August 10. — Started on the march at 10 a. m., with the pack- 
mules very heavily loaded. The trail, for a considerable distance, fol- 
lows close to the canon through a dense wood, and is quite difBcult. 
Marched twelve miles to Orange Creek. Much of the caigo had to be 
thrown off on the way, to be sent back for on the following day. The 
chief difiiculty was in getting through the thick timber, which had not 
been sufiQcieatly cleared away. 

Monday, Au{/mt 11. — Remained in camp. Provisions are getting low ; 
sent back to the cache for what was left there. One of our cooks was 
lost in the forest, and remained out over night. I felt much worried, 
becanse it is a serious thing for a man to get lost in these forests as 
there are no landmarks visible from which he can determine his position. 

Tuesday, August 12. — Sent parties out to the highest neighboring 
points to fire signals, and also sent out a guide to make a circuit aroaud 
camp and find, if possible, the trail of the lost cook. Bain had been 
falling all night, and was still falling. Our eff'orts were successful, aud 
the poor fellow came in about 10 a. m. in a pitiable plight, having had 
neither fire nor food. Bain was falling so hard that it was not consid- 
ered advisable to move camp. It cleared up, however, by 1 p. m., when, 
with Lieutenant Hall, I started, with a few pack-mnles and such of the 
cargo as was not required for immediate use, to carry it forward on the 
trail as far as possible. Our means of transportation were so limited 
that it took us two days to make one march. We moved fourteen miles 
to the East Fork divide, and returned to camp by sundown, leaving the 
cargo under proper guard. 

Hot springs are very numerous along this trail, and the whole atrTios- 
phere is satuiated with their vapors to that extent that we were some- 
what nauseated by them. The trail follows for a while an old Indian 
trail, which, becoming too difficult. Captain Noyes had evidently aban- 
doned it, and tried to get around by the head of the shai'p ravines. It 
led in a very tortuous manner through heavy forests and over very steep 
hills. Along the bank of the Grand Canon, by bridging a tew of these 
ravines and deep gulches, a very easy road could be made. 

Wednesday, August 13. — Broke camp at 9 a. m., and marched twenty- 
eight miles, directly ovei- the highest point of the East Fork divide, to 
the East Fork of the Yellowstone River, one mile from the bridge over 
the latter stream. Through the ranchman at the bridge we have news 
of Captain Noyes and the train. Knowing that we would be short of 
provisions before he could get back to us, he had made a very rapid 
march into Fort Ellis and would probably get back to us in five or six 
days. 

While on the high summit of the East Fork divide we were greeted 
with quite a severe mountain storm. During the march along the trail 
among the numerous hot springs we were again nauseated as on the 
day befoi-e. 

On Orange Creek, near our last camp, occurs a notable mass of springs 
that have so cut down and discolored the rocks that I named the locality 
Orange Bock Springs. Orange Creek is a wild mountain-stieam, run- 
ning at this point through a picturesque caiion whose walls are fully 
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200 feet high. From the bed ami banks of tbe stream, and at the foot 
of the canon walls, countless springs are issuing. The air is saturated 
with gases; the noise deateniug, and the smell sickening. The siwt 
has most of the physical characteristics of our best autbeutieated con- 
ceptions of hell; and one of our gnides, who discovered it, did not tarry, 
for he felt certain that " the devil was not far off." The stream dasbes 
over a series of rapids and cascades. The roets are disintegrated and 
discolored with the greatest variety of hues — white, yellow, red, various 
shades of green, brown, and drab. Along the summit of the cation 
walls lie huge blocks ready to drop off, wLile the foot of the slope is 
strewn with masses of fragments of the trachytic rock. Ou the north- 
east side, close by the water, is an exceedingly large jet of steam, escap- 
ing under such pressure from a narrow fissure that the noise is deafen- 
ing. The steam smells of a sulphur gas, and is excessively hot. Close 
around it are three large hot springs with steam issuing from them, one 
of which is turbid white and quiet, whilethe otlier two are boiling aud 
geyser-like. Very little water escapes from them by the surface into 
the stream. Directly across the stream, a little to the west, is a large 
boiling fountain spring, with an outlet whose channel is lined with silica. 
Besides, there are multitudes of small gasjets, depositing sulphur in a 
variety of forms. 

Where the trail crosses a small tributary of Broad Creek is another 
active mass of springs. Among them, one elliptical in shapeand about 
20 by 30 feet in opposite diameters, is quiet, has a whitish scum, and 
emits a sulphar gas. It has a slight overflow. Another of dark drab 
mud is 15 by 31 feet across, and is constantly in violent ebullition, throw- 
ing the mud 2 and 3 feet high. Steam and gas escape irom it. 

[ decided to wait in this vicinity until the return of the train from 
Fort Ellis. 

Thursday, August 14. — Sent back for the cargo left on the trail yester- 
day. 

Across the stream, to the north from our camp, is a high ridge of gran- 
ite, whose direction is not at first sight apparent. It runs across the creek 
close by camp, where it is quite low, and the surface debris can be seen 
for some distance to the south. A little east from us it shows two well- 
marked crags close by the south bank of the creek, which latter makes 
through it a sharp canon, commencing about two miles from its mouth. 
About 200 yards farther up it cnts through a layer of sandstone, earry- 
iug numerous fossil plants, which rest upon a bed of volcanic conglom- 
erate. This latter crops out extensively along the stream above, and 
its d^ims is scattered over the rounded hills to the south. It is cer- 
tainly peculiar. "We have seen it in varied conditions and structure. 
All of the way across, from one side of the mountaina to the other, at 
the Washakee Needles, and, in fact, everywhere that we have come in 
contact with these mountains, it can be recognized in the distance by 
its colnmuar and fantastic weathering, and somber brown, sometimes 
almost black, hue. It is made up of a smoothly-rounded debris of a 
great variety of volcanic rocks, in sizes varying from a pebble to enor- 
mous bowlders. I have seen these latter in position that were from 10 
to 15 feet in diameter, and others that clearly came from it very much 
larger. Along this stream it carries large bowlders of granite and 
basalt. Being so near to the granite ridge just mentioned, I was doubtful 
about the source of the granite bowlders until I found a huge one in the 
bed of the stream with some of the matrix still clinging to it, aud 
shortly afterward numbers of them stuck along a vertical wall of the 
conglomerate. It Is probable that the blocks of granite strewn over 
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tbe country south from camp are ftom this source, because they appear 
to be rouuded i'rotu wear rather tlian from eoucretionary struuture, 
while the granite of tbe ridge is lamellar, aud gneissic iu structure. A 
notable feature of the conglomerate is, that it is frequently stained and 
its constituents sometimes thoroughly impregnated with a green mine- 
ral (silicate of iron,) which might easily be mistalien for carbonate of 
copper. 

As far up East Fork as can be seen from these granite knobs the 
valley is quite open, fairly timbered with spruce, pine, and aspen, and 
is clothed with excellent grass on the rolling country between the caQons 
where the stream cuts tbrough some minor ridges. On these there are 
many ponds of stagnant water. To the north and northeast the mount- 
ains are very high aud rugged. 

Friday, Avgust 15. — I started at 7 a. m. with a small party, carrying 
rations and beddipg on our saddles, for the Great Hot Springs on Gar- 
diner's Eiver, distant twenty miles down the Yellowstone. We maile 
our nooning near a lovely fall on the east fork of Gardiner's Eiver, after 
traversing a beautifnl country of high, rolling hills, well watered, with 
excellent grass everywhere, and wood scattered here and therein groves 
and masses. At the fall the rock is basalt, stained to a dull yellowish 
hue. The weathering about it and in the caiion below is quite similar 
to that about tbe Upper Falls of the Yellowstone. 

A beautiful effect is produced about half-way down tlie face of the 
fall, where a horizontal dish-like ledge jnts out from the wall. Some of 
the falling water rushes down aud into the disli of the ledge, so that its 
impetus throws it op again at several pointsin low, heavy, foniitain-liJie 
jets, while another [>ortion jumps clear over and beyond the ledge, in a 
thin transparent sheet whose convex surface looks exceedingly like a 
glass cover preserving the little fountains beneath from defilement. 

We reached the springs at 3 p. m., and spent the afternoon in looking 
over this very interesting and beautiful phenomenon. A settlement has 
sprung up here tor tbe purpose of accommodating sight-seers and bath- 
ers, I have not much confidence in the bathing properties of the water. 

Satwrdaj/, August 16. — Completed an examinatiou of the springs and 
the surrounding country, and started back to camp, which we reached at 
8.30 p. m. As the Great Hot Springs have been described and thoroughly 
photographed, I will only offer an explanation of their structure, as my 
views materially diftfer from any that I have yet seen advanced. The 
maximum temperature of the water given {164° F.) was obtained by 
Dr. Heizmanu and myself by penetrating through the clouds of steam 
and over the hot and dangerous crust to the main fissure, from which 
the water was escaping with considerable violence. Looking bsick at 
this i>erformance it seems foolhardy; tbr no one can tell, in such a mass 
of steam, whether the crust under their feet about the edge of the fis- 
sure is firm, or thin and overhanging, a common feature. These springs 
(see sketch, Fig. 4) are the source of a small stream which empties into 
a sink near Gardiner's KLver, a short distance above where the latter 
joins the Yellowstone. The water comes out at temperatures varying 
from 9:Jo F. to 164° F.; the latter at the fissure, where the maximum 
quantity of water is escaping now, and is strongly impregnated with 
certain minerals, principally calcite, which latter it deposits profusely 
npou exposure in thin layers to the atmosphere. The springs originally 
came out at the top of the hill above them, which 1 should judge to be 
fully 1,000 feet above those in action now. 

The efiect of the rapid deposition from the water is quite remarkable, 
there being formed by this agency level-topped hills, sometimes 200 feet 
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high ia successive terraces, one below the other down the slope of the 
hill — probably along a line of rupture in the rocks — their faces showing 




beautifully corrugated surfaces which imitate very closely the Meandriua 
coral, and display, while the water is flowing over in thin sheets, deli- 
cate and coarse tints of carmine, pink, rose, yellow, and brown. 

The proof tliat the progress of these formations is from the top down- 
ward, and not from the bottom upward, as explained by Professor 
Hayden,* is conclusive ; at the top, the springs are all dead, and the 
deposits are decayed and almost hidden beneath vegetable loam from the 
deuseforrest that has overgrown them, while all of the active springs are at 
or near the bottom. He saw the dead remains at the top, but atter ob- 
serving closely their characteristics as hot -spring deposits, he falls into 
the strange error of saying: "Bat in what manner was it formed? I 
believe that the limestooe was precipitated in the bottom of a lake, 
which was filled with hot springs, much as the calcareous matter is laid 
down in the bottom of tbe ocean at the present time. * « * • » 
The deposit was evidently laid down on a nearly level surface and the 
strata are horizontal." 

After the water ceases flowing the surface bleaches snow-white or 
bluish-gray. 

The process commences with the water running from one hole or fis- 
sure, (Fig. 5,) or several, under sutflcient pressure to rise as a column to 
a height varying with the pressure, and from thence flowing off down 
the hill, with its surface covered with concentric ripples, caused by pul- 
sations in the current ; along the scolloped lines of these ripples lie the 
minimums of velocity in the flow, and the maximums of deposition of 
sediment; consequently, little wave-lines of ridges commence forming 
very soou, and once started, another check to the velocity is introduced 
whose value is coutiDUOUsly increasing. This, in time, makes shallow 
pools, which are soon filled up with sediment, and in time the upper 
•Report United States Geological Survey, 1871, p. 68; ibid,, 72. 
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ones merge ioto one large one aroand and below the oriflce, on a level 
with it and bordered by a scolloped rim, over which the water flows in a 
continuous sheet, (Fig. 5.) The water flowing over this rim and down- 
ward, builds up, as the rim rises and advances outward, a steep slope 
with the maze of corrugations on its surface that result from its rapid 
throbbing flow. Any serious obstruction ou this slope will bring about 
the formation of a seconday pool ou the face of it, a feature of common 
occurrence. This process builds up a large hill, with the large shallow 
pools on top of it, but everywhere on its slopes and top-surface the slight- 
est cause tends to produce the general resuLs just descrihed in miniature. 
Hence, on top we find the large pools whose surfaces are literally meshed 
with the scolloped rims before described, and the slopes are stud<lecl with 
little shallow basins with scolloped rims and corrugated sides, the hill 
itself in miniature. 

It was along these rims that Dr. Heizmana and I made our way to 
the very edge of the largest oriflce and took the temperSture of the 
water in it. The spring thus builds for itself a characteristic mound of 
great beauty, both of form and color, which ultimately becomes its tomb, 




For, in due course of time, the level surface about the orifice becomes 
raised so high that the water can no longer flow out and over it, where- 
upon the deposition gradually chokes it up with thin, cellular curved 
layers of calcite. 

Now, if the cause of this action were continuous and of constant 
power, the spring wonld break out again in a favorable spot, and build 
up another mound of about the same height, and the process would 
be repeated so long as there remained any possible means of escape for 
the confined waters ia that locality. But, although the cause is thus 
for continuous, the power is actually decreasing, as is evidenced by the 
extensive distribution of the dead relics of former volcanoes and the 
multitude of extinct and waning thermal springs; consequently, where 
the spring breaks out afresh, it must, in this case, be at some point 
lower down, as the line of rupture in the crust of surface-rock evidently 
runs downward toward Gardiner's River, and a new mound will be 
built up of less height than the last one. Sometimes small vents have 
broken out below the level of maximum action, producing a fountain- 
spring, throwing a jet of water nearly as high as the level of the priuci- 
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pal spring. The deposition from this would produce a cvliiidncal eol- 
iiiDD, with the top imrrower and rounded. (Fig. 7.) 




The "Liberty Cap" described by Hayden, and a similar column near 
it, are illustrations of this, and there are other examples higher up. If, 
instead of such an orifice, there should be a narrow fissure, a sharp, 
rounded ridge woold result, of which there are nuineTOus examples. 
Local cireumstances may conceutrate the force in certain small orifices or 
fissures, and thus keep up the action in a feeble manner at a level where 
the principal action is extinct. Thus there is now teeble action on three or 
tour levels above the priacipal one, which at one place has produced 
an illustration of all the structural peculiarities on a diminutive scale. 

Sometimes the water has found a vent lower down, before the orifices 
above have closed over, thus leaving the craters bare, displaying numer- 
ous small caves. 

I infer that the hill of maximum action now has about reached matu- 
rity, from the fact that the water from the principal orifice is only 
thrown a little above the suri'ace. We may, therefore, expect springs 
to break out lower down the hill, if indeed they have not already done 
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Among the peculiarities of deposition are delicately -beautiful hol- 
low spheres, about one-eighth of an inch in diameter, sometimes open 
on the top, with a lid. They are so thin and fragile as to break at the 
slightest toach. I put forward with some hesitation a curious explana- 
tion of their origin. From the soft sediment at the bottom of the pools 
about the main orifice, small bubbles of carbonic-acid gas are constantly 
but quite shiggisbly arising. Now, the deposition is here so rapid that 
any bubble that lingers a certain length of time on the bottom — as 
many of them can be seen doing at any time — receives a coat of it over 
its film of surface sufficient to keep it there, thus forming a fossil bubble. 
Lying there on the bottom, it is soon surrounded and covered up with 
the onlinary material of deposition. This is the origin of the small 
spherical cells which are so marked a feature of the rocks deposited 
from these springs. Certain forms of coral are imitated, notably the 
Madrepores and MeandHna; stalactitic forms are common, and the soft 
deposit in the pools seems to harden into an irregular interlaced mass 
of strings and fibers. 

Sunday, August 17. — I went out to-day with the miners at the bridge 
to a place called by theui " Specimen Mountain," a noted locality for 
amethysts, forms of chalcedony, opal, and siliclfied wood. We were 
fortunate iu finding some notably floe specimens of amethysts and yel- 
low crystals of quartz. The containing-rock is the igneous, conglomer- 
ate, before mentioned. In it, at this locality, are a good many silicifled 
trees, the hollows of which are frequently lined, in short sections, with 
varieties of quartz in very beautiful and perfet^tly-preserved crystal 
forms; rock-crystal, yellow, blue, amethyst, and opal, and many kinds 
of chalcedony. The amethysts seem to predominate. In the process 
of silicittcation these trees generally become divided into short sections 
by cleavage planes at right angles to their length. It is these sections 
that are occasionally hollow and lineil with crystals, the adjacent sec- 
tions being plain, unpretentious petrified wood. Much of the latter is 
perfectly blaek, as though it had been carbouizeil by heat before the fos- 
silizing material came iu. 

Loaded with speciniens and very tired, I reached camp a little after 
dai'k. Camp had been this day moved three miles across the river, 
to meet the train from FortEIlis, Mr, John Banonett has built here a 
very substantial bridge across the Yellowstone River for the use ot 
miners visiting the head at East Fork. It is only suitable now for pack- 
animals. 

Monday, August IS. — Pack-train iu charge of Lieutenant Young ar- 
rived at 3 p. m. from Fort Ellis, with twenty days' supplies for the 
escort and twenty days' supplies tor my working-party. 

Tuesday, Aagmt 19. — Moved camp seventeen miles, across the Ble- 
phaut's-back Mountains to Tellowstone Falls, Th* trail proved very 
bad ; many animals fell down hill, and there was considerable bad bog. 
The train was pretty badly used up, and two mules were lost ; all this, 
too, after leaving half the cargo at the old camp to be sent back for. 
The odometer is again in use, having been repaired at Fort Ellis. 
Camped on Cascade Creek. Along the trail the country is pretty open 
north of the mountains, with excellent grass, plenty of water, and 
groves of trees. Across the divide the forest is quite thick, with small 
openings of meadow. There are three trails across the divide, and we 
unfortunately took the worst one. I made the ascent of Mount Wash 
burne with a topographical party. 

Wednesday, August 30. — Sent back to the old camp for the cargo left 
behind yesterday. The lost mules were found. Lieutenant Kingsbury 
H. Ex. 285 3 
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■with the escort arrived at 2 p. in. from Fort Ellis; they had staid 
behind to get their horses shod. Captain Noyes had been taken sick 
aod conld not join us. He proposes to meet us at Camp Brown. 

Thursday, Aiujust 21. — We remained in camp, shoeing the animals and 
resting them. Kain fell daring the whole day. Sent to the cache tor tho 
remainder of the cargo left there. 
Friday, A'ugrist 22. — In camp ; rained all day. 

Saturday, Augmt23. — Moved camp thirteen miles to the Hot Springs, 
on Warm Spring Creek, where it emerges from the timbered hills. The 
Indians were in camp on this stream waiting for us. Oar party, with 
the exception of Captain Noyes, was now altogether again. The eoan- 
try along this creek, for about eight miles from Yellowstone River, is an 
open, rolling prairie, extensively burrowed by moles and field-mice. 
About the springs the water of the creek and its tributaries is either 
hot or sour, frequently both. We found good water, after a little search, 
in a marsh above the springs, on the South Fork. 

Sunday, August 24. — Marched 13.3 miles across the divide between the 
Yellowstone and the Madison, to the Lower Geyser Basin, on Fire-Hole 
Biver ; met two parties of sight^seers from Montana. The trail passes 
by a small lake, very near the summit, and down a sharp but short hill, 
on the west side of the divide, and soon strikes the waters of the Mad- 
ison, The size of this stream has been exaggerated ; it is from two to 
three feet deep. A depth of 10 feet, as reported, would overflow its 
banks and the whole valley. Along this stream there is a good deal of 
marsh, meadow and many groves of timber. Good water can be easily 
found in the Geyser Basin by hunting for it. 

Monday, August 25. — Marched ten miles to the Upper Geyser Basin. 
The trail from the Lower to the Upper Geyser Basins is very bad from 
anarah ; with a littletroubleitcouldbecarriedalong the hillside through 
-the timber and made very good. Fire-Hole River is the principal East 
Fork of the Madison. Its waters in the Geyser region are generally 
quite warm, sometimes hot; just above Old Faithful, in the Upper 
Basin, it becomes cool and potable again. 

The boiling water from the silica springs was used for cooking and 
found very convenient. The structure of the geysers or silica springs 
is quite similar to that of the calcite springs on Gardner's Eiver, 
■except that the silica deposits slowly, while the calcite deposits rapidly, 
making a corresponding difference in the size and shape of the mounds 
formed. There is a good deal of silica (geyaerite) about tlie springs in 
a soft, pasty condition from solution in the preseuce of alkaline salts, 
which ought to throw light npon the formation of chalcedony. Other 
explorers have devoted much of their time and attention to the descrip- 
tion and explanation of these geysers and springs, to which, in my 
hasty visit, I have seen nothing to add. Further elucidation must be 
the result of careful observation and study, over greater i>eriods of time 
than are at the disposal of exploring parties; besides, the question of 
getting back to Camp Brown is becoming rather serious ; the pack-train 
is badly used up, from traveling excessively laden, over bad trails, (the 
cargoes average over 350 pounds,) and there is considerable doubt 
whether the rations will hold out while we are making way through the 
"impassable" country at the head of Wind River, described by our 
forerunners. 

The immediate difficulty, however, is, that the Indians have failed to 
find the trail hack to Yellowstone Lake. They seem to be nonplussed 
and are depending upon me, and this evenng informed me that we were 
lost. The explanation of this is, that they are " plains Indians," and are 
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Tvbolly unacciistOHied to travel among forests like these, where all land- 
marks disappear. It will, therefore, be necessary to make a trail — no 
pleasant prospect in such a country, where one has so many people and 
animals dragging along aftrcr, to multiply the consequences of getting 
caught ont in the dense forest withont any camping-place. An indi- 
vidual or an animal might easily stray a short distance from the trail 
and get lost, if there was any halting or confusion, and to get lost in 
this dense forest, where the hills are so rounded that nothing can be 
seen from their tops, would be a terribly serious matter. 

Tuesday, August 26. — Taking a picked party of Indians, the gniile 
Smith, and the escort as pioneers to blaze and clear the trail, I started 
out early in the morning, with the intention of making a trail to Yellow- 
stone Lake, if the old one could not be found. The train was to wait 
until JO o'clock before starting. After a short and fruitless search I took 
out a compass, and giving the Indians the direction, told them to go tliac 
way all the time, and pick out the best way. This they did witL great 
skill, but as our route lay directly across the water-drainage, the liiUs 
were frequent, and the trail pretty rough. 

An Indian seems to have an instinct which enables him to pick out 
the best country to travel over, and to avoid natural obstacles. 

Four p. m. found the advance party at the lake, at the spot we had set 
out for, but it was perfectly certain that the train would have to stop on 
the way. Fortunately there were suitable camping- places along the 
trail. With empty stomachs, and saddle-blanket lodgings, we made a 
large fire, and spent a remarkably long night in vain efforts at sleep. 

Wednesday, August 37.— The minimum thermometer last night regis- 
tered 13° F., the greatest cold we have yet experienced. At 8 a. m. an 
orderly arrived with a message from Lienteuaot Hall, commanding the 
escort, informing me that the mules of the train were so badly used up 
that it could not move to-day. Much of the cargo had been thrown 
off along the trail, and one loaded mule was lost. Later in the morning 
Lieutenant Hall himself arrived and further informed me of the state of 
affairs, Tbe odometer-cart had worn out completely and was abandoned. 
The packers had gone back on the trail to gather up the cargo and find 
the lost mule. Sending all back to camp except the Indians, my orderly, 
and the guide, I remained to look up the trail ahead. 

By noon, having gone without food since morning of the day before, 
the pangs of hunger overcame a violent prejudice and I ate some fish 
from the lake worms and all. The Indians have been eating these 
wormy fish all along and I doubt whether there is anything iujnrious 
about them. I might have obtained something to eat from them, but 
there is a feeling in the average wliite man's breast which pi'cveuts him 
from asking such a favor from an Indian. It is very unrea.sonable, but 
it is there. Tlie Indian, on the other hand, asks favors from the white 
man, feeling within himself that all that the white man has belongs to him, 
and he is therefore only getting back Lis own. He never returns thanks 
for such favors. 

The principal difficulty on the trail yesterday was that It was not suf 
flcieutly cleared to allow the pack-mules to get through withont getting 
frequently stuck between trees — a mishap in which a mule will waste 
strength enough to carry him and his pack several miles. 

I have often been struck with the philosophical way that a packer 
proceeds from the grass that a mule eats to the work that it will do. 
In his eyes so much grass represents so much mule-work, and no grass 
represents pretty nearly no work, white it is true that very little work 
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can be expected of a train of pack-mules that havonot eaten pretty 
nearly their fill of grass or aonietbing el«e before starting. 

Tlmrsclay, Avgust 28. — The train came in during the morning and 
went into camp at the Hot Springs on the lake three miles ahead. The 
trait wn8 good, but somewhat obstructed with timber along the shore 
Of the lake. There is a first-rate trail along the west side of the lake, 
over which I would have sent the greater part of the expedition had 

I known of its existeneo, thus avoiding the Fire-Hole Basin, and our 
trials in getting away from it. It would have been perfectly easy to 
get a small party from that basin to the lake. 

Along the west shore of the lake are uumerons small streams with 
meadows and marsh. 

The lost mnle, witli a cargo of flour, beaTis, and coffee, was not found 
yesterday, although the search was carried back to our camp in the 
Fire-Hole Basin. Word was left with some gentlemen visiting the 
geysers, who were coming across on our trail, to take this mule back to 
Fort Ellis in case it should find its way back to the trail before they 
came along. Our rations were too short to permit any more time to be 
spent in search and it was therefore abandoned.* 

The flour belonged to the escort and is a severe loss, necessitating 
half rations of bread for them during the remainder of the trip. 

At night the Indians in camp up the valley had a scalp-dance over 
two Sioux scalps that had been given by the Crows to two of the In- 
dians with Captain Noyes's party going to Fort Ellis, who had 
visited the Crow agency. They invited everybody to join, which 
invitation was eagerly accepted by the young men of my party, the 
guides, packers, and soldiers. This dance gives every one a chance to 
sing and yell with all his might, and they literally made the welkin 
howl. There was considerable lung-power in action. The waves of 
sound were echoed back and forth from the woods and hills ou^either 
side of the uaiTow grassy valley, and came billowing to the lake with a 
tremeudons effect, which was heightened by the lurid glare from the 
numerous camp-fires standing out in the darkness against the mass of 
black forest behind. The West Pointers in the party called it "Our 
twenty-eighth hop." 

Friday, August 29. — I made arrangements for the main party to move 
along the south shore of the lake toward the river, and started at 

II a. m. with Professor Comstock and a topographical party to make 
the ascent of Mount Sheridan, about ten miles south of the lake. 

The country is covered with a dense mass of timber on low rounded 
hills, with the fallen timber so bad as to make much of the country im- 
passable for animals. There was no trail and no one who knew any- 
thing about the country. I went ahead, steering by the compass, 
going around the masses of fallen timber and picking oat the highest 
ground and ridges to travel over. We were lucky enough to make 
camp at the foot of the mountain after a march of between three and 
four hours. We could not see it at all at starting, and only caught one 
glimpse of it on the way before we came directly upon it, and yet it 
towers to a height of 3,000 feet above the surrounding country. 

Saturday, August 30. — Started np the mountain 7 a. m. ; a very late 
start for such work. As there was no chance to reconnoiter, we had the 
ill luck to take the longest and most laborious line of ascent. The party 
becoming separated, to my great surprise I reached the summit first at 
9.45 a. m., and the rest of the party an hour later. Thinking myself 

* Thia mule was fouud by tbem and turned in to the quartermaster at Fort Ellis. 



Hosted by 



Google 



RECONNAISSANCE OF NORTHWESTERN WYOMIN-G. 37 

behind I bad iija«le great haste so as to reach tlie summit before tlie 
otters were ready to come down. 

Mouut Sheridan is a higli mountain mass, rising alone from the rapidly 
sloping hills of the Snake Eiver drainage, just south of the Yellowstone 
divide. All the rocks seen were igneoiia, sometimes stained and decom- 
IKised from hot-spring action. Springs and feeble geysers being still in 
action along the streams from its north and east slopes. 

To the east and southeast is a ridge of high timbered hills, which 
sweeps around to the northward and terminates in Promontory Point 
at the south end of the lake. To the south, as far as the Wind River 
range, about sixty miles distant, the couutry is a mass of high timbered 
ridges, formed by the erosion of the waters of Snake River, all rapidly 
sloping down to the eastern base of the Tetons, which lie south 10*= 
west, about forty miles distant. 

Westward, and from the Tetons, there are no mountains, only low, 
rounded,. heavily-timbered hills, as far as the eye cini reach. To the 
northwest commence the high ridges of bald mountains which lie be- 
tween the different tributaries of the Gallatin and Madison Kivevs. 
Between Mount Sheridan and the lake, the divide between the Snake 
and Yellowstone waters — the Continental Divide — is certainly not more 
than 3(10 feet above the lake, and in many places runs within a mile of 
th.e latter. It is a broad, comparatively low, gently rounded stretch of 
country, so flat on top that the opposite-shedding waters are freqneutly 
interlocked. It is dotted with lakes, some quite large, and carries a 
good deal of marsh and strips of meadow along the streams. All of 
the lakes in sight, except one, drain into the Snake Eiver. 

Tlie divide between the waters of the Madison and the Yellowstone, 
above the falls, ia a stretch of smooth hills, rising but little above the 
Yellowstone Basin, and having steep, rocky slopes only in few places. 
All of the country in the basin about Yellowstone Lake and extending 
far to the westward is very densely timbered, with only small openings 
along the streams and about tlte marshes. 

There is a great deal of fallen timber, such as to sometimes com- 
pletely obstruct progress, but I have observed that the most and the 
worst of it lies in the immediate neighborhood of water, either in lake, 
stream, or marsh, and can be very largely avoided by traveling high up 
on the hills and ridges. Along the shores of Yellowstone Lake a great 
deal of water is held in the numerous swamps which afford a constant 
supply to the multitude of small brooks feeding into the lake. There is, 
consequently, here an excessive quantity of fallen timber. 

The huge mass of the Sierra Shoshonee Mountains closes in aud 
around to the northward of the basin, showing a comparatively low 
granite lidge running from the East Pork with a northerly trend down 
the right bank of the Yellowstone Kiver. The highest portion of this 
mass seems to be that northeast from the basin, about the headwaters 
of Clark's Fork and the Rosebud. Northward from there it soon runs 
out and makes way for the valley of the Lower Yellowstone River. Its 
structure seems to be buried beneath the moat extensive outpouring of 
lava and volcanic matter yet observed on the globe. Along its eastern 
base we gained only an inkling of its structure from the dip of the 
upper-lying rocks. Probably the key lies in the country on the Muscle- 
Shell River, to the northward. It is probable that the southern portion 
of this volcanic overflow at one time overlaid the northeastern slopes of 
the Wind River range, and that the erosion of the- drift period has cut a 
channel through on this flank, forming the Wind River Valley and leav- 
ing the extensive deposits of volcanic dehris in the valley as well as tre- 
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luendous precipices of castellated basalt, trachytes, conglomerates, and 
sandstones tliat frioge and seemingly seal its head and aorthera border. 
I had the topography of the country in sight from this station sketched 
with great care and reasonable precision. It is the best geodetic sta- 
tion in the region traversed. My topographical party has now inspected 
the Tellowstoue Late Basin from monntain-peal^s favorably sitnated 
on its eastern, northern, and southern borders. 

We commenced the descent at 12.30 p.m., and as soon as possible took 
up the march for the main party. Their trail was struck at 3 p m,, and 
followed until sundown, when we camped on the spot they had left in 
the morning. 

The smoke was slid rising from the smonldering fires and the ground 
still fresh on their departing trail. As 1 rode up to the scene so lately 
rife with the jest; the coarse shouts of laughter; the murmuring of many 
voices; the bugle's blast; theloud words of command; the round- toned, 
cadenced shonts of the Indians; the shrill, clarionet-like cry of the 
squaws; the crying of papooses; the barking of dogs; neighing of 
horses ; braying of mules ; the roaring and crackling of great camp- 
flres ; and the occasional rifle or pistol shot at some misguided squirrel — 
it seemed utterly cheerless and desolate. What can appear more deso- 
late than a freshly-deserted camp i 

Sunday, August 31. — We have now only twelve days' rations, and 
between us and Camp Brown is the "impassable barrier never scaled 
by white man or Indians," If it were not for the question of provisions 
I would laugh at it, becatise we have an outfit that can go almost any- 
where ; but the question of time now assumes an unhappy importance, 
and I begin to ieel much worried. 

We ai'ose at daylight, cooked a hasty breakfast, and started ofl' at 
sunrise, overtaking the main party at 9 a. in. on Yellowstone Lake, just 
as they were preparing to start on the march. They had made one 
march of ten miles over a good trail, and the one of the day before of 
nine miles, which had been beset with difiBculties, owing to the attempt 
to follow the lake-shore too closely. There was no trail, but a great 
deal of marsh and i'allen timber. 

Owing to some niisundetstanding, the Indians had become angry 
with Lieutenant Hall, and considerable jealousy had sprung up among 
themselves, whereat the greater portion of them had left onr camp and 
gone off. 

After a short rest I started off with the guides to make a trail. It 
was pretty rough for a few miles, but after that we struck a good 
trail, with many freshly- blazed trees marking it. A queer freak of 
the disaffected Indians was here displayed. They had deserte4 the 
main party and gone ou ahead, when, finding this excellent trail, they 
had freely blazed it with their hunting-knives for quite a distance until 
the work and slow progress involved became monotonous. I regarded 
this as an olive-branch, and treated them very kindly, as though noth- 
iTig had happened, when we passed them. They staid away two or 
three days and then came back in driblets, but I never, by word or 
sign, let them know that their absence had been thought of. Their own 
jealousy continued a few days longer, and then everything went on as 
happily as before. 

We inarched ten miles and camped at the extremity of the arm of 
the lake that we left this morning. There is a well-marked beach along 
this shore of the lake, butitis frequently deceptive and dangei^us from 
quicksands where the water comes in from marshes above ; the timber 
gradually becomes more open and meadows replace the swamps; the 
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country to tlie squth rises rapidly into hills of considerable inagnitiide, 
and tlie water drains off too rapidly to permit the formation of mucli 
marsli. 

Monday, September 1. — Broke camp and marched ten miles into the 
valley of the Upper Yellowstone Ktver. The trail atrites the southeast 
arm of the lake, thence following up the valley of a small tributary 
of the lake whose course is parallel to the i-iver to a point high up on 
the hills bordering the west side of the valley. The latter part is 
pretty bad from marsh and underbrush. Our camp was about ten miles 
from the mouth of the river. 

The valley about the mouth is very marshy, with numerous small 
ponds and sloughs. There is also a great deal of timber on the low 
grounds on the west side, but from its proximity to water there must be 
iu it a great deal of fallen timber to impede progress. 

While the advance was quietly following a flrst-rate trait, it was sud- 
denly observed to lead up a high hill to our right. I seut an Indian to 
see what became of it up there, who came back with the information 
that it led to an open rocky place on top, and was after that "kaywut," 
(played out) It now appeared that the top of the hill was used as a 
stamping-ground for elk, and they had made such a broad trail leading 
np to it as to completely deceive us. Sending back word to the train 
to go into camp, we started in search of our lost trail, which was soon 
found considerably lower down in the valley. 

We have now reached a country from which one of our Indians says 
he knows the way back to Camp Brown by the head of Wind Iliver. 
He belongs to a band of Shoshones called " Sheep-eaters," who have 
been forced to live for a number of years in the mountains away fcom 
the tribe. A heavy rain-storm set in about nightfall. 

J}v£sday, September 2— Brokecamp a, m, and marched up the Yellow- 
stone Kiver' thirteen miles. The trail leaves the timber and goes into 
the open valley. This latter is probably quite marshy earlier in the 
season. It is also probable that the river is not fordable in the spring. 

The storm of last night burst out about noon with great violence and 
continued during the day and night. A good deal of snow fell in the 
mountains about 1,000 feet above us. 

We camped in the edge of a grove of pines with a dense fringe of 
fallen timlier on its border. It was a cold, wet camp in the border of 
the timber, and considerably mixed withal. As itwasraiuinghard when 
we reached it, everybody dropped into the first place that presented 
itself ; tlie fallen timber monopolized nearly all wf the ground, so that 
there was little choice ; the i-esult was, that Indians, soldiers, citizens, 
and oflicers were all camped together in tlie direst confusion, on a small 
spot that it seemed possible almost to cover with a blanket. 

AU through this basin game-tracks have been very abundant, but 
our party from its size makes a good deal of noise, which will account 
for the fact that we did not see a great deal. A maguiflcent elk crossed 
the valley in advance of ns, and iu plain sight to-day. He was a royal 
fellow, indeed, and seemed to resent our intrnsion ujion his chosen rut- 
ting-ground. The party was too much drenched and too cold from the 
driving rain to make any attempt to get him ; the first instance of the 
escape of anything (except bear) that came in sight of it. The trail 
was very good except the last mile, which was quite marshy. 

Wedtiesday, September 3. — The storm continued. Broke camp 8 a. m. 
and inarched thirteen miles. The trail soon leaves the main stream and 
follows up a small tributary that comes in from a little west of south, 
crossing a low divide to a tributary of the Suake. 
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At this divide occurs a curious plienomonon, probably the one re- 
ferred to by tbe early trappers as the " Two Ocean Pass," 

Marching at tbe head of the eolnmn where the trail approached 
the summit, I noticed that the riband of meadow in whicli the stream 
lay we had beeo following suddenly dropped away in front of 
us with a contrary slope, I could still see the stream thread- 
ing it, and for a moment conld scarcely believe my eyes. It seemed 
as if the stream was running up over this divide and down into 
the Yellowstone behind us. A hasty examination in the face of 
the driving storm revealed a phenomenon less startling perhaps, 
but still of remarliable interest. A small stream coming down from 
the monntains to our left I found separating its waters in the 
meadow where we stood, sending one portion into the stream aiiead 
of na, and the other into the one behind ua — the one following its des- 
tiny tlirough the Snake and Columbia Rivers back to its home in the 
Pacific; the other, tlirough the Yellowstone and Missouri, seeking the 
foreign water of the Atlantic by one of the longest voyages known to 
running water. On the Snake Eiver side of the divide the stream be- 
comes comparatively large at once, being fed by many si»ritigs, and a 
great deal of marsh. 

While the small advance party were approaching camp two of our 
Indians discovering three elk close by gave us an illustration of skillful 
hunting by crawling up and killing the three with fonr rifle-shots. They 
were estrcTuely large and fat. As examples of Indian generosity to 
white men are becoming rare, I wish to put on record this one where 
one of them made me a present of the whole carcass of one of these elk. 
Being hungry enough to eat it all myself, after the long march in the cold 
rain, I had a vivid appreciation of the gift. 

' The trail was good, passing around a beautiful lake in the Yellow- 
stone Valley, which is probably the Eridger Lake of the old maps. 

The valley of the Upper Yellowstone is quite flat, and lies between 
grand and rugged walls of bare, broad mountains of volcanic ejectamenta. 
It is from one to three miles wide, and iuterapersed with broad mesulows, 
and groves of pine and spruce. The amount of water that it receives 
from the slopes on either side is astonishing, and accounts sufficiently 
for its marshy character. 

There is a remarkable discrepancy between the volumiie of water in 
the river above and below the lake. The storm prevented us from mak- 
ing observations for a comparison, and I can only say that above the 
lake the stream seems ridiculously small compared to what it is below. 
The volume of water which the lake receives from small streams and the 
numberless marshes along its border must be very great. 
. Thursday, Septemher 4. — There is only one Indian in the party who 
knows the country between here and Wind River, and he seems to be 
getting proud of the power he has over us and wants to exercise it a little. 
When all ready for the start it was discovered that he was enjoying all 
the comforts of a home in the bosom of Lis family and taking aquiet smoke 
after having been told to get ready an hour before. Here was a dilemma. 
It was his second offense, and must be noticed, but to rebuke bim and 
ronse bis anger might be followed by his certain departure, followed in 
all likelihood by all of Lis dusky brethren. It was no easy nmtter to 
make them understand us when we were i>erfectly quiet. How much 
misapprehension must occur in case all should become excited and 
angry. I sent another message to him, and rode along myself trying 
to look solemn and determined during its delivery. To our great grati- 
fication he surlily saddled up his pony and struck off on the trail, as- 
suming from thence forward a winning smile and air of boyish oblivion. 
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We marched fourteeu miles across the high rolling outliers of the 
Sierrsi Slioshouee, with the mountains close on our left, and camped on 
anotlier tribntary of Suake Eiver. 

. The liills between the valleys are quite large but considerably worn, 
80 as to present accessible slopes. The dense timber which has caused 
us so much trouble and labor is rapidly thinning out so that the trail 
can be picked out mostly clear of it. Magnilcent slopes of grass and 
luxuriant flowers are becoming numerous. 

In getting through the timber and over the .terrible trails that we 
have seen so much of, it has been my custom to start first on the march 
with a small party, consisting of the guides, a few of the best Indians, 
and two soldiers with hatchets to blazeour trail. Immediately after comes 
11 pioneer-party from the escort with axes and shovels to clear the trail 
that has been blazed; cutting awa.v trees and fallen timber; cutting 
down steep banks, filling bogs with brush, and making a passable way 
for the crowd of animals and pack-mules that were to start two or three 
hours later. How necessary it was to keep the clearing party well ahead 
of the train will appear when it is known that the jiacktrain could not 
stop iu the deuse forest without great danger of losing some of tlie 
animals, as it would be impossible to keep them on the trail ; and, once 
off of it, there was little hope of finding them. 

Ont he march, a train of pack-mutes travels as a unit,— as though each 
mule were connected with the one in front, — but let a halt be called, and 
each one becomes a free and independent creature to hunt for grass, or 
the bell-mare, at will. 

Just before reaching camp, two of the Indians and one of the white 
guides killed three bears after a lively skirmish. There are wood, water, 
and grass all along the trail, which is excellent. 

t^Hday, September 5. — The Indian difiicnity came up early. The fellow 
after being told to get ready iu time to start with us, weut off up the 
stream to trap for beaver. Itwas evidently time to deal with him. Call- 
ing the one who acted as interpreter, and several of the most prominent 
Indians about me, I endeavored to make them understand that this fellow 
was notdoingashehadagreedtowithme; that we had to travel back to 
Camp Brown as fast as we possibly could or else our rations would give 
out, and there was not game enough in the country to feed such a big 
crowd ; that I could go back without his assistance, only it would take 
longer to find the way, and we might get very hungry before we 
got back to Camp Brown; thatlhad sooner do that than have any more 
nonsense from him, and that be either must do as he had promised, or I 
would have him tied up and carried back to Camp Brown and put in 
the white man's jail there. I then sent out two Indian runners to follow 
up his trail, find him as soon as possible, and tell him that he must 
come ill as fast as he could — well knowing that they would tell him all 
that I had said. To my utter relief, in about half an hour they were 
discovered away up the valley returning with him, and driving their 
horses at desperate speed ; without a word he took hiaplace iu advance 
of the column, and soon appeared perfectly cheerful and contented. Still 
I had a fear that he might in resentment lead us out of the way, and 
watched him with mnch apprehension. The few days following proved 
my fears groundless. He as well as the others were overawed, and said 
that "the captain" was "heap mad." The only misunderstaudiug that 
arose from my talk to them was an impression that I was going to put 
him aud a few of his intimate frientls in jail upon our return. We did 
get into a great deal of trouble on this day's march, but no one worked 
harder than he to help us out of it. 

We broke camp at 8 a. m., and after a march of nine miles the trail 
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led across a large densely- timbered hill. About balf way up it tbe fallen 
timber lay so thickly across the ti'ail that it soon appeared to be a bercu- 
leao task to get through it. Everybody took hold, officers, meo, guides, 
and, to the astonishment of all, even the Indians who were with 
the advance, but before we had any hope of getting through, the train 
came up with us, making it unnecessary to go into eauip. 

Sending back word to it to camp before attacking the hill, I sent 
out the Indians and guides to look up a better pla«e for crossing, and 
in the mean time scrambled ahead on foot over this trail far enough to 
see that it would take at least a day to clear away the fallen timber so 
as to make it practicable. 

Toward night the Indians returned, having been successful in finding 
a way across. They pointed it out to me, and I am free to confess it 
seemed about as feasible as to lead the train over a squirrel-trail up a 
tree. It boldly attacked the hill by way of numerous openings at its 
steepest part. 

The trail to camp weis good, with wood, water, and grass abundant 
The vegetation is luxuriant. 

All of the Snake River drainage above the Tetons concentrates in a 
Jow-Iying tract along their eastern base, called Jackson's Hole. For 
this reason I have called this partial water-shed the Teton Basin. 

Viewed from the east, the Tetona rise from a low elevation, and, being 
projected against a low country, their appearance is truly majestic. 
From their aspect at this distance, I should judge their structure in 
altitude to be the same as that at the Washakee Keedles, i. e., lamellar 
granite, forming numerous acicular pinnacles. 

Saturday, S^tember6. — Broke campat 7 a.m., and making a trail over 
the tremendously- steep hill by continual zigzags, up which it took 
the train one hour and a half to climb, we marched ten miles over a 
very good trail, and camped close by the pass to Wind River, 

I rode ahead into the pass with the Indian guide, who pointed to me 
Wind Eiver Valley displayed at our feet in its full length, with evident 
pride and satisfaction. Dismounting, I climbed the high mountain south 
of the pass with much difficulty, and had a view that seemed to unravel 
a good deal of the mystery in which this region has been wrapped. I 
found myself on the extreme point of the southwestern angle of the 
Sierra Shoshooee, and at the very head of Wind Eiver. 

Along their southern wall to the southeast lay the Wind Eiver Valley, 
in which I could see Crow Heart Butte, not far from Camp Brown. 
Across came the grand Wind Biver Mountains, sweeping up to a chmax 
in Union Peak andruuning out at apointten miles soutli from me. From 
just south of this extremity, running west as far as Snake Eiver near 
the southern extremity of the Tetons, and culminating in snow-clad peaks 
along the western half, lay a range of mountains which have hardly 
attracted notice before as such, and which I have named the Wyoming 
Mountains. Prom the south they appear as a continuation of the Wind 
Kiver Mountains. To the west, distant tbrty miles, the Tetons seemed 
to pierce the sky with their needle-like spires ; between and to the north- 
west and north laythe Teton Basin, a semi-funnelshaped region of high, 
rolling, green-clad hills, narrowing to a focus in Jackson's Hole at the 
foot of the Tetons, and far beyond was just a glimpse of Mount Sheridan 
— a grand mountain, which will always do honor to the general's name. 

The culminating point of the Tetons has for a very long time been 
called the Grand Teton, It is a good name, and I see no reason for 
changing it, although some members of Dr. Hayden's party of 1872 have 
seen lit to rename it alter him, I know of no man who is more worthy 
of having his name left behind him in the Eocky Mountains than be _: 
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but certaJDly, among the "tbousaiid peaks worthy of a name" wliicli lie 
describes, along the western face of tbe Sierra Shosbone, some one 
might have beeu selectetl which would have gone down to posterity 
■with a clearer title. 

The Teton Basin is notable for tbe abundance of its streams, the bix- 
uriance of its vegetation, and the happy distribution of immense areas 
of low-lying timber-land among a liberal display of grassy slopes and 
valleys. 

Togwotee Pass lies between the head of Wind Eiver and a small 
tributary of Snake Eiver. It basan altitude of 9,021 feet above tbe sea, 
but, notwithstanding this altitude, the approaches to it are quite easy. 
A railroad could be carried over it without extraordinary expense. Just 
south of it is the last peak of the Sierra Shoshonee in this direction. It 
is composed of horizontal layers of volcanic ^ectamenta, (sand, sand- 
stone, and conglomerate,) and rises to an elevation of 10,625 feet above 
the sea. 

Sunday, Septemhei- 7. — We crossed the divide and camped on Wind 
Biver, after a march of fifteen miles. The trail is good, except abouc 
two miles of fallen timber on the Wind Eiver side. After this there is 
no more timber in tbe Wind Eiver Vnlley, except the Cottonwood along 
the streams. Grass occurs in meadows along the streams and sparsely 
over the rolling hills, on either side. 

A marked change of climate is noticeable immediately upou entering 
Wind Eiver Valley. It is considerably warmer, both by day and night, 
and the relative humidity is very much less. The effect of this is notice- 
able in the comparative scarcity of springs, streams, and marshes, in 
the dry and dusty character of the soil, in the sun-cured grasses, and in 
tbe gray and sun-dried appearance of the face of the country so peculiar 
to the rainless region of the Eoety Mountains. In the Teton and Ujiper 
Yellowstone Basin the grasses look fresh and green; there are number- 
less marshes, springs, and small streams, and the black soil does not 
fly into a cloud of dust at first touch. Indeed, our whole ti'ain rarely 
broke the soil enough to raise the dust. These considerations, taken in 
connection with the weather observations made on the trip, lead mo to 
infer that we may find in these basins a region of equable precipitation 
of rain — a phenomenon of rare occurrence in the great Eocky Mountain 
plateau. I think it quite probable that here the soil can be cultivated 
■without irrigation j and it may be as well to remark just here that the soil 
of this great platead is generally quite rich, however unpromising it may 
appear at first sight ; but in these basins, coming, as it does, from the 
decomposition of volcanic rocks, it is peculiarly fertile. 

Monday, September 8.— Broke camp at 10 a. ni., and marched seventeen 
miles down Wind Eiver. The trail is good and well marked, being the 
one used by the Indians in their trips to Snake Eiver and Fort Bridger. 
There is good cam plug- ground almost anywhere in Wind Eiver. The 
beat and dust are oppressive. 

Tuesday, September 9. — Sent a small party of Indians to Camp Brown 
to announce our return and obtain information regarding the presence 
of hostile Indians. Broke camp at9.45 a. m, and marched twenty miles. 

Wednesday, September 10. — Lieutenant Hall and a small party started 
at 5 a. m. for Oamp Brown, expectitg to get in before night. Broke 
camp at 10 a. m., and marched twenty miles to a point about three miles 
above the montb of Bull Lake Fork ; grass rather thin. 

Thursday, September 11, — Broke camp at 9.30 a. m., and crossed Wind 
Eiver, moving on down to Lake Fork. After crossing the latter we 
struck across a very high plateau to Sage Creek, coming upon our out- 
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going trail and camping near a former camp. Distance traveled, seven- 
teen milea ; grass and poor water ; no wood. 

Friday, September 12. — Broke camp at 8.30 a. m., and marcbed eiglit 
and one-half miles to Camp Brown, 

S^t-ember 17, 18, and 19. — Tbe expedition marched back to Camp 
Stambangh, where it was disbanded. 

I take the greatest pleasure in according to Captain Noyes the cretlit 
that is due him for having, by his skill and energy in assisting us, con- 
tributed very largely to whatever of success that has attached to the 
expedition. Perhaps this will be better understood when I state that a 
delay of three days at the Big Muddy and Ham's Fork, which might 
very easily have occurred, would have been followed by a delay of two 
weeks at Green Eiver on account of the freshet. This delay would have 
brought us into the Big Horn Valley after the arrival there of a power- 
ful war-party of Sioux, which, it is known, came in shortly after we went 
out, and who certainly would have driven us back to Camp Brown, and, 
perhaps, made the expedition a failure. 

In conclusion, I may perhaps be pardoned for referring to the opin- 
ions that previous explorers have held with regard to the character of 
the undertaking accomplished by this expedition. 

Prom tlie report for the year 1872 of N. P. Langford, superintendent 
of the Yellowstone National Park, I extract the following : 

Tlie park is only accesaible from Montana. Il is impoenihle to enJer ii /lom Wyoming, 
Attempts to scale the vast riilce of (noontains on the eastern and soutbern borders 
have been made by Beveral expeaitiona acrosa tlie continent, commencing ^itb that of 
Wilson G. Hunt, the chief of Astor'a overland expedition in the year 1811. As late 
OS 183Z the indomitable Captain Bonneville nas thwarted in a similar efiiirt, and, 
after deviaing vaiions modea of escape from tbe nioDntain-labjrinth iu nliteh lie was 
lost, determined to make one more effort to ascend the range. Selecting oue of the 
highest peaka, in company with one of bis men, Washington Irving aays: 

"After miicli toil he reached the sunimit of a lofty cliff, but it was onl^ to behold 
gigantic peaks rising all around, and towering far int« tbe snowy regions of the atmos- 
phere. He soon foand that he had undertaken a tremendous task; but tbe pride of 
man is never more obstinate than when climbing mountains, nie ascent was so steep 
and ragged that he and his companion were frequently obliged to clamber on hands 
and knees, with their guns slung upon their backs. Frequently exhausted with fatigne 
and dripping with perspiration, they threw themselves upon the snow, and took haud- 
fuls of it to allay their thirst. " ' * Aa tbey ascended still higher, 

there were cool bteezea that refVesbed and braced them; and apringiug with new ardor 
to tbeir task, they at length attuned the sunimit. 

As late as 1860, Captain Raynolds was foiled in repeated efforts to 
cross the barrier. While camped on Wind Eiver, at the aontheastem 
base of this formidable mountain, he wrote, (Senate Ex. Doc. No. 77, 
40th Congress, 1st session :) 

To onr front and upon tbe right the mountains towered above us to the height 
of from 3,000 to 5,000 feet in the shape of hold, craggy peaks of basaltic formation, 
their summits crowned with glistening snow. » • • « » 

Directly across our route lies a basaltic ridge rising not less than 5,000 feet above ns, its 
Tvalla apparently vertical, and no visible pass, or even oauon. On the opposite side of 
this are the headwaters of the Yellowstone. Bridger remarked triumphantly and forci- 
bly to me upon this spot: " I told yon yon eonid not go through. Aiird cannotjls orer iliat 
iDiihout taking a suppli/ of griib along." I had no reply to offer, and mentally conceded 
the accnmcy of the information of the "old man of the monntains." 

Dr. F. V. Haydeu, in his Report for 1871 of the Geological Survey of the 
Territories, p. 134, says: 

. The range of mountains on the east and sonth of the Yellowstone Basiu * • 

* * seema to be entirely of volcanic origin ; they are also amongtbe rnggedest and 
moat inaeoeasible ranges on the continent. From tbe valley of Wind River they present 
a nearly vertical wait from 1,500 to 2,000 feet high, which has never becLi scaled by 
white man or Indian, bnt are covered with perpetual anowa to a greater or leas extent . 
From any high point a chaotic mass of peaks may be seen. 
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CHAPTER II. 
PHYSICAL GEOGRAPHY. 
Genev,ilde5crJptioi 

The region traversed by tbis expedition lies in the western extremity 
of the Territory of Wyoming, inclnding the whole extent of the Terri- 
tory i'roin the southern to the northern boundary. It lies between N, lat- 
itude 41°, along the base of the Uintah Mountainsj — a little south of 
the Union Pacific Bailroad, — and 45° at the north boundary of the Yel- 
lowstone National Park, and W. longitude 108° at the Big Horn River, 
and 1 11° near the western boundary of Yellowstone Park, and the east- 
em base of the Wahsateh Mountains. It forms a trapezoid, with the 
longest dimension running north and south, with an area of about 
41 ,92dsquare miles. Distanceaeros8,atthesouthernboundary, onehun- 
dred and fifby-seren miles ; at the northern boundary, one hundred and 
forty-seven miles; and length from south to north about two hundred 
and seventy-six miles. 

It is a portion of the plateau from whose surface rise the numerous 
ridges which, taken together, form the Eoeky Mountains. Between north 
latitude 41° and 40°, the general trend of these ridges changes from a 
northerly to a northwesterly direction, and in the obtuse angle thus 
formed the ridges themselves are so broken and scattered that the east- 
ern water-shed breaks quite through and takes a considerable portion of 
the drainage from the westei'u slopes, while between them, aud extend- 
ing as far west as the Wahsateh Mountains, in west longitude 111<^ SiV, 
the plateau itself is exposed, opening out into the great plains of the 
Missouri on the east, through the valley of the North Platte River ; across 
the gap between the northern extremity of the Black Hills and the Big 
Horn Mountains ; and on the north through the valley of the Big Horn 
Eiver between the Sierra Shoshone and the Big Horn Mountains. The 
Black Hillsof Dakota form aremarkableoutlier nearly opposite theeasteru 
opening and the point of the angle— lying between the two main forks of 
the Big Cheyenne River, a tributary of the Missouri, in latitude 43° 
north aud longitude 109° 30' west from Greenwich. 

Hypsometrical observations enough have uow been taken by the nu- 
merous parties that have traversed it, to show a fair approximation to 
the mean height of this plateau above the sea, but they are not availa- 
ble for my reference, as tbis writing is done at a place where the neces- 
sary means of reference upon scientific subjects are very scant indeed. 
Enough has come within my observation, however, to lead lue to esti- 
mate it at about 6,500 feet. 

Its breadth from east to west along the i>arallel of 42"^ north latitude 
is three hundred aud nine miles, and its length along the meridian of 
108° 30' is three hundred and forty-flve miles. The area described is, as 
a rule, semi-barren and treeless, although the soil is quite rich and sup- 
ports a scanty growth of extremely nutritious grass in connection with 
a few very hardy shrubs. 

The line of the Kocky Mountain divide, or water-parting, passes 
through this region. This line, after traversing the country from 
Mexico in a northerly direction between the meridians of 106° and 108° 
west longitude, is deflected from its course in north latitude 40° 30', 
where bending around the head of Korth Park it soon leaves the ridge 
of maximum elevation — in fact leaves the mountains altogether — and, 
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taking a north west-tiy-uortlierly trend, follows a low line at au eleva- 
tion of about 7,600 feet across the plateau just described to the Wind 
River range, making a sharp detour about the head of the Sweetwater 
River, which here breaks through the low ridge and intrudes apoa the 
Pacific water-shed, giving a poor excuse for the name of South Pass; 
thence following the sammit of the range to its northwestern extremity ; 
thence by a tortuous course about the heads of the Wind, Snake, and 
Yellowstone llivers in the Sierra Shoshone range, from which it shortly 
emerges into the Yellowstone Lake Basin ; thence northwesterly, skirt- 
ingthesouthemborderoFYellowstone Lake, atan altitude, in someplaces, 
of between two and three hundred feet above it, running — still a very 
tortuous line, — between Shoshone Lake and the Upper Geyser Basm, on 
Fire- Hole Biver, to thelowiidge, with adeep flexure to the southeast, which 
surrounds the sources of the Three Forks of the Missouri ; thence return- 
ing to the line of direction departed from it takes a north-northwesterly 
course into tlie British Possessions. It will be seen that for the greater 
portion of this distance the continental divide is a comparatively low 
line, with high mountain- ridges arranged on either sidt* of it, on the 
opposite slopes of the great plateau. 

Including the portion of this divide between the parallels of 44^ and 
51° north latitude, we have the crown of the water-shed of the con- 
tinent, from which the water is shed literally in all directions, as from 
a point; to the north through the Mackenzie River, to the Arctic Ocean ; 
to the east, through the Saskatchewan and Lake Winnipeg, to Hudson's 
Bay; to the east and south, through the Missouri, Yellowstone, Wind, 
and Big Horn, to the Atlantic Ocean; to the south, through the Ureen 
and Colorado, to the Gulf of Galil'ornia and the Pacific Ocean ; and to 
the west, through the Snake and Golambia, to the Pacific. 

The table-land of Wyoming, previously described, forms, in the 
southern half, the most important pass through the Kocky Mountain 
chain. It is a belt about one hundred and forty miles broad, from north 
to sonth, and is traversed by roads along its northern and southern 
borders and through the middle, the latter being the line of the Union 
Pacific Railroad. 

The principal water-sheds formed are five, viz: 1st. The Mackenzie- 
Saskatchewan ; 2d. Tlie Missouri-Mississippi ; 3d. The Colorado-Snake ; 
4th. The Columbia; and 5th the remarkable region lying between north 
latitude 33° and 43° and west longitude lHOand 121°, where the surface- 
waters are either carried into lakes without outlet-s or into " sinks," where 
they disappear from the surface. To give a description of these water- 
sheds would lead me beyond the scope of this piper into a field for 
which sufficient material for reference is not available. The description 
will, therefore, be contiued to the subordinate basins lying near their 
superior limits and within the field of the reconnaissance. These are the 
Green River, the If orth Platte, the Wind River, the Big Horn, the Upper 
Yellowstone, and the Teton Basins. 

THE GREEN RIVEK liASIN. 

This basin is formed by the Wyoming and Wind River Mountains 
and the contlneutal divide on the north and east, and bythe Wahsatch 
and Uintah Mountains on the west and south. Its dimensions are two 
hundred aud tweuty-three and one hundred and seventy-flve miles along 
the torty-first parallel and the one hundred and tenth meridian, respect- 
ively. 

The Wyoming Mountains form a spur, which leaves the Wind River 
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range near Union Peak, in latitude 43° 25', longitude 10S° 50', ruuuiug 
in a westerly direction to Snalie Eiver. The highest elevation is Mount 
Leidy, near the western extremity. Near their junction with the main 
range the altitude becomes quite low, forming one of the passes through 
which the Shoshonee (Snake) Indians reach the head of Green Eiver. 
The Wind River Mountains rise from thecontinental divide, in latitude 
42° 3{y, longitude 108° 48', at Camp Stambangh, and run, with a north- 
northwesterly trend, at an elevation of about 13,000 feet, to latUnde 40° 
37', longitude 109° 55', The enlminating points are : (1) Union Peak, 
near the northwestern extremity, witli an estimated altitude of 14,000 
feet ; and (2) Fremont's Peak, near the southeastern extremity, whose 
altitude is 13,750 feet. This range is one of the principal elevations in 
the Uocky Mountains. It is a huge ridge, with the sedimentary rocks 
sweeping up in long, broken slopes to a broad beltof crystalline schists 
at the summit. This belt is estimated to be about eight miles broad, 
and is very much cut up by Assures. Numerous veins of quartz occur 
in it. The Sweetwater mines are found in these rocks, on the south- 
western extremity of the ridge. 

Along the northern slope deep monoclinal valleys occur, from which 
the waters escape to the plains below through short, bat very sharp 
and deep, caflons. Only a few of these openings occur, and between 
them the long, smooth sIoi>es have suffered comparatively little from 
erosion, and are probably seen now in something like the original shape. 
The principal valleys are longitudinal, and not transverse, as is usually 
the ease. Considerable timber occurs, but it is in the valleys above the 
lower ridges. 

There is a pass across to the head of Green Biver, near Union Peak, 
and another across to the Groa Ventres Fork of Snake River. Animals 
have been ridden across Itom the head of Green Eiver to Camp Brown, 
but it is probably quite a difiicult task. 

The continental divide is simply the line of superior elevation of 
the plateau itself. Its altitude is about 7,500 feet ; but little above the 
surrounding country. South Pass is where the Sweetwater breaks 
through, and does not deserve the name of pass at all. 

The Wahsatch range in Northern Utah haa a trend that bears a little 
west from north; toward the southern extremity the direction of the 
range seems to bear off considerably to the west, but I surmise from 
a hasty personal examination that this is caused by a number of the 
parallel ridges, so characteristic in Utah, lapping over each other thus: 
«, The range comprises a series of three or more parallel 

I ,-' ridges, which terminate in about latitude 4^}°, although 
I ]/ it is probable that the Tetons, much farther north, 
L'i really belong to it. its southern liinithas not been very 
j well defined yet, but it will not be far wrong to place it 
in latitude 37°. In Northern Utah the peaks are gen- 
erally from 10,000 to 12,000 feet high, the latter limit 
being reached in the Twin Peaks, a little southeast 
from Sa't Lake City. The range is not more than fairly 
timbered. 

The Uintahs are considered a spur from the Wahsatch, but it is more 
probable that they are one of the transverse ridges of the Kocky Mount- 
ain chain. Their elevation is considerably greati.'r than the Wahsatch. 
They leave the latter in the vicinity of latitude 40° 30', thence trending 
northwesterly by a curved line, which turns a little to the south before 
reaching Green Eiver, whereit practically terminates. The extreme ele- 
vation is attained in the vicinity of Gilbert's Peak, where Mount Hodges 
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aud Mount Toli-kwana have aii elevation of about 13,500 feet. Gil- 
bert's Peak is 13,250 feet. The range forms an immense ridge, witli an 
almost level but badly-broken-op ridge on top, haviug a width of from 
twenty-five to thirty miles, and an altitude of about 6,000 feet above 
the table-laud on the north, and about 7,000 feet above the similar table- 
land oil the south. 

The valleys are numerous, deep, and narrow, except at the head, and 
extend quite up to the summit. Between them, on the north, are tiie 
transverse and generally unbrolien ridges, by meaus of which the sum- 
mit can be reached by a gradual ascent. Ou the south these ridges are 
badly broken toward the summit. Eanged on either side of the summit- 
line are enormous basins of erosion at the head of the valleys, Tliey 
have a direction considerably oblique to that of the prevailing winds, 
and in consequence the amount of snow that drifts in during the winter 
must be enormous. At such an attitude this snow melts comparatively 
slowly and furnishes an almost continuous supply of water to the very 
unmerous mountain-streams, ranch of which is first caught in the multi- 
tude of small lakes that are sprinkled around the border of the basins. 
On the north slo]>e there is a good deal of marsh in these basins, but ou 
the south the water, haviug to make about 1,000 feet more descent in 
reaching the plains, runs off much more rapidly, and leaves but little 
marsh. This circnmstance, combined with the greater heat of the 
southern exposure, makes many of the smaller streams run dry early in 
tlie reason. 

The opposite valleys frequently start from aboat the same point and 
have between their sources only a thin precipitous wall, which erosion 
is slowly removing. Gilbert's Pass, at an elevation of 11,000 feet, is such 
a point. Here the wall has been sufficiently worn away to admit of the 
construction of a road across it There are probably few such places at 
present. The broad belt or strip along the summit is broken and eroded 
enormously f ridges of high peaks extend across it between the valleys, 
and many narrow precipitous caiious occur, both along the valleys and 
transversely to them. The sides of these ridges are generally masses of 
broken rock. The country aloitg the base of the mountains, both on the 
north and south, is an elevated, highly-terraced plateau of soft earth, 
the slopes of the terraces being generally as steep as the earth willstaud, 
and frequently quite barren. 

The timber-liue, or superior limit of forest-growth, is at an altitude ot 
11,000 feet. Below this these mountains are covered with a dense for- 
est, very much iuterspersed with small openings of meadow. 

Of the northwesternoutlineofthisbasin comparatively little is known. 
It is probable that the divide here between Green and Snake Kivers is 
a low ridge of mountains — a continuation of the Wahsatch system. 

Of the mountain- ranges described, none rise to the limit of perpetual 
snow. Only a few large banks or drifts on their northern slopes remain 
fi'om one winter to another. 

The basin itself is a broad highly-terraced plain, the bed of an ancient 
lake. Away from the immediate vicinity of its scanty streams the 
excessive erosion of the soft soil has left many isolated buttes and 
patches of bad lands, and there is everywhere the appearance of bar- 
renness giv^ by the gray hue of the luiiversal sage-brush and grease- 
wood. The soil, however, as a general rule, is quite rich, and produces 
splendid crops where sufficient water can be supplied to it by irriga- 
tion, and when the unseasonable frosts do not interfere. Bunch-grass, 
which is extremely nutritious, grows sparsely among the sage-brush. 

The water comes entirely from the surrounding mountains, spriugs 
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l>eiug veiy rare indeed. Some very fine springs occur near South Pass, 
at Pacific Springs. 

The valleys of the Btreanis are narrow, with meadow and pasturage 
near the mountains, bat toward tlie interior the vegetation is rather 
sparse. So trees grow except a tfew cottonwoods along the streams, 
and away from the niouutains even these are rare. The region is in- 
fested with great swarms of grasshoppers. In and near the mountains 
the valleys are fertile, well watered, and, together with the lower slopes, 
furnish an extensive and abundant pasturage. Some rain falls, but 
probably not snfftcient for cultivation of the soil without irrigation. 

AH of the hardy cereals and vegetables can be successfully cultivated 
both in the mountains and on the plains. 

In the mountains extensive forests of coniferous trees occur, but as the 
streams are generally not large enough to float logs, they are, or rather 
will be, for some time inaccessible. 

The rivers are Green River and its tributaries. Green Kiver rises in 
the southwestern slopes of the Wind Eiver Mountains and southern 
slopes of the Wyoming Mountains. Its course through the basin is 
generally southerly until it strikes the base of the Uintah Mountains, 
where its course is deflected to the left in seeking for a passage through 
them in longitude 108° 53'. It receives numerous tributai'ies from the 
outliers of the Walisateh on the right, aiid, with the exception of Bear 
River, the whole drainage from the north slopes of the Uintahs, and a 
tfew on the left from the continental divide. 

Of those on the right the principal ones are; (1) Black's Fork, which 
drains the angle between the Wahsateh and the Uintahs ; and (2) Hen- 
ry's Fork, which drains the middle slopes of the Uintahs. On the left 
we have : (1) The Big Sandy with its tributaries draining the southern 
slopes of the Wind Eiver range and a short portion of the continental 
divide ; (2) Bitter Creek, which rises in the continental divide and trav- 
erses a country where the soil generally carries a considerable quiintity 
of alkaline salts, gi^'ing their charactex to the few streams that flow 
through it ; and (3) the Little Snake Kiver, which drains that portion of 
the continental divide which lies south of the Union Pacific Railroad. 

THE KOKTII PLATTE I3ASIN. 

This region is bounded on the south and west by the continental 
divide and the southeast extremity of the Wind Kiver range ; on the 
north by the low divide that separates the Sweetwater and North Platte 
Rivers from the Wind and Powder Elvers ; on the east by the Black 
Hills. Its greatest dimensions are 204 miles along the parallel of 42° 
30', and 173 miles along the meridian of 106<= 30'. 

The Black Hills form the continuation of the easternmost ridge of 
the Kocky Mountains beyond the point where the line of general direc- 
tion of the range is deflected to the northwest. Their northern limit is 
near Laramie Peak, in latitude 42° 10' and longitude 103° 25' ; from 
this point their direction is almost due south to latitude 41°, where the 
Oache-la-Poudre, a tributary of the South Platte, breaks througli the 
ridge. The general altitude is between 8,000 and 9,000 feet. It is a 
low range with gently rounded slopes, and a ridge of granite crags 
along the summit, culminating in Laramie Peak, one of the noted land- 
marks of the West. Tlie western slopes, running down into a table- 
land whose elevation is about 7,000 feet, are much shorter than the 
eastern, which leave the plains at an altitude of 0,000 feet — 1,000 feet 
lower. The axis-line lies quite close to their western border. But little 
water is drained from their western slopes, while the eastern is quite 
H. Ex. 2S5 4 
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iveil wEiteretl, furDisliiiig many fine valleys susceptible of euUivatioa. 
There is good grazing all over the rauge. Timber occurs, but some- 
what sparsely. The ridge is crossed by numerous roads. 

Tlie Medicine Bow Mountains are tlie continuation of another ridge 
of the Eocky Mountain chain in Colorado, which extends as an isolated 
ridge into the basin of the North Platte, between the Black Hills and 
the contiaeutal divide. This high range has its northern limit near Elk 
Mountain, in latitude 41° 40', longitude 106° 30'. From this point the 
i-ange has a southeasterly trend to its southern extremity, which is im- 
perfectly known, and indeed but little is known of the range itself. 

The basin has very nearly the same surface characteristics aa the 
Green IJiver Basin. Whether the ancient lake that once occupied the 
latter extended across the divide into tliis, to cut it up into terraces 
during its subsidence, is still an unsettled question. This much is cer- 
tain, that the country is smoother and not characterized by terraces to 
anything like the extent of the former. 

The Laramie plains is a bight of land extending in a southerly direc- 
ti()n between the Black Hills and the Medicine Bow Mountains. This is 
the most favored spot in the whole plateau; the surface of the country is 
rolling, and thinly covered with giass, while the valleys of the streams 
through it afford excellent pasturage. Irrigation is necessary in the 
cultivation pf the soil. Quite a noticeable feature of the whole plateau 
is that grazing is possible during the whole year; and although but 
little rain falls, yet the grasses become sun-cured, and are always very 
nutritions. The North Platte Eiver rises in North Park, an elevated 
valley of the Rocky Mouut.ains, in latitude 40° 3b', longitude 106'^, and 
flows in a northwesterly direction, carrying the drainage of the Medi- 
cine Bow range and the continental divide, to latitude 41^^ 30', where 
it bends to the north — passhig the Union Pacific Railroad at Fort 
Steele, as far as latitude 42° 20', when it enters a deep caiion of incon- 
siderable length, and, sweeping around in a semicircle to the east and 
south, marks out, perhaps, the northern limit of the easternmost ridges 
of the Bocky Mountain chain. 

On the right its principal tributaries are: (1) Medicine Bow River, 
which drains the north slopes of the range of that name and the south 
slope of the hills in the great bend of the river ; and (2) the Laramie 
River, which drains the eastern slopes of the Medicine Bow Mountains 
and the slopes in the angle between the latter and the Eocky Mountain 
range, and flowing northerly through the Laramie plains makes a short 
bend to the eastward, in latitude 42°, cutting a caHon quite through the 
Black Hills, and joins the North Platte in latitude 42° 12', at Port Lara- 
mie. On the left its only tributary of importance is the Sweetwater Eiver, 
which takes its rise in the southern slopes of the Wind River Mountains 
and flowing in an easterly directiou joins the North Platte iu latitude 
42° 2J'. 

The roads that cross the two basins just described in the direction of 
the parallels of latitude have already been mentioned. They are also 
traversed by — (1) a road from Medicine Bow Station, on the Union Pacific 
Railroad, iu a northerly dh'ection to Fort Fettermau ; (2) one from Point 
of Rocks, on the railroad, northward to South Pass City and the Wind 
River Valley ; (3) one from Bryan, ou the railroad, northeasterly to the 
Sweetwater mines and AVind Eiver Valley ; (4) one from Fort Bridger to 
South Pass in a northeasterly direction, (the old emigrant-road to Salt 
Lake City and the Paciflo coast;) and (5) one from Bvanston, ou the 
railroad, northward along the valley of Bear River to the Mormon set- 
tlements at Bear Lake to Soda Springs, and to Fort Ilall, in the Snake 
River \" alley. 
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TUB WIKU-liir. HORK liASIX. 

This biisiii ojieua into the basin of the rx)wer Yellowstone on the 
north ; has the Big Horn Mountsvin on the east, the low divide between 
the Sweetwater and the AVind-Bij;f Horn on the sonth, and tlie Sierra 
Shoshone and Wind River' ranges on the west. Its longest dimen- 
sions are one hundred and seventy-flve miles along the meridian of 108"^ 
30', and one hundred and twenty-sis miles along the parallel of 43° 30'. 

Of the Big Horn range but little that is reliable is known. The 
probability is that the axis is a enrved line. Commencing very low, 
about in latitude 43°, longitnde 107° 30', the line of direction runs 
northeasterly as far a« Cloud Peak, the snmmit of the range in latitude 
44^^ 23', longitude 107'^, and thence northwesterly to the Big Horn Eiver 
in latitude 45° 10*, longitude 108° 7'. The cnlmiuatiou seems to be a 
cluster of peaks. To the north of these the range sinks to a low eleva- 
tion, where the summit has somethiug of the character of a plateau, and 
to the south also the elevation seems to be ipiite low. The streams that 
flow from their eastern slopes are very numerous and water a flue 
country along their base, wliile from the western slopes scarcely a 
stream flows that is worthy of the name, and the bordering country is a 
barren waste. 

The Sierra Sboslionee range sends off a light spur, lialf-way across 
the basin, in the Owl Creek Mountains, whose line of direction is about 
south 27° east from latitude 43° 40', longitnde 100° 10', from whence 
they run with an average elevation of about 8,250 feet as far as the Big 
Horn Kiver, attaining a maximum elevation of 9,130 feet in Phlox 
Mountain. The foot-hills on the south are much more rugged tlian the 
mountains themselves, showing many sharp ridges where the rocks are 
tilted vertically, apparently iu two directions, one parallel to the range 
and the otfcer making an approach to a right angle with it. Above these, 
and on the north, the slopes are smoothly rounded and support a fine 
growth of grass and sparse gi'oves of aspen, hemlock, spruce, and pine. 
The summit is formed by ledges of the sedimentary rocks, arranged, in 
a measure, alternately along the opposite sides of the axis-line. 

The amount of water that is shed from the south slopes is extremely 
small, while the north slopes are comparatively well watered. A strange 
freak occurs at the western extremity of the range, where Owl Creek, 
after taking its rise at the Washakee Needles, cuts through to the anti- 
clinal axis of the Owl Creek range, which it follows for quite a distance 
through a wild precipitous canon, from whence it emerges int« the 
plains seemingly from a source in this range, whereas its source is really 
in the Sierra Shoshonee Kange. The Sierra Shoshonee range is proba- 
bly the most remarkable one in the great Eocky Mountain chain. The 
original range, if there ever was one, and of this there are many indica- 
tions, lies buried beneath an outpouring of material from the tluid inte- 
rior of the earth, which it is safe to estimate as being now from 4,000 
to 5,000 feet thick. This statement is warranted by the fact that the 
section cut through by the Stinking Water River shows only this vol- 
canic material down to an elevation of 5,500 feet, while the peaks are 
all over 10,000 feet, and many reach an elevation of over 12,000 feet, and 
arecomposed entirely, so far as our observation went, of this material, 
{except the Washakee Heedles, which is granite.) It will be more appro- 
priate to speak of it as a mountain mass, which extends from latitude 
43° 10' in a northerly direction, to 45° 10', with a general width of over 
sixty miles in peaks that will certainly average over 10,000 feet in ele- 
vation. The culmiunting i>oiuts arc at the Washakee Needles, near the 
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southeastern extremity, where the elevation is 12,253 feet, and in a 
cluster of peaks, in latitude 45°, whose elevation is not known. Be- 
tween these, however, there are probably quite a unmber of summits 
that equal and, perhaps, exceed them in elevation. 

It is doubtful whether any of the craters, from which this enormous 
mass of once-fluid material escaped, have yet been discovered. There 
are many appearances of volcanic cones, but a close examination will 
probably show them to be simply peaks of erosion. This mountain mass 
has been eroded to a remarkable extent, and the streams have cut their 
channel into it accordingly in the most irregular mauner. The Snake 
cats clear through from the west to the east side, and theG-reyBull and 
Stinking Water on the east have their sources in the very westernmost 
rim. Their valleys ai'e simply huge caQons, except the usual park like 
opening near their sources. 

The mountain -slopes are covered with forests of coniferous trees, 
wherever it is possible for trees to grow, and streams are very numerous. 
Perhaps more water is shed from this mass of mountains than from any 
of equal size in the Bocky Mountain chain. 

There are no roads across the Sien'a Shoshone range, and this expe- 
dition is the first that ever crossed it, a feat that had been previously 
considered very difftcnlt, if not impossible. Three passes were found 
across; one along the lahawooaEiver to the head of Yellowstone Lake ; 
one by the North Fork of the Stinking Water to the foot of Yellowstone 
Late ; and one from the head of Clark's Fork to the East Fork of the 
Yellowstone. 

The basiu is divisible into, 1, the Wind Eiv^r Basin j and 2, the Big 
Horn Basin. 

1. The former is triangular in shape and traversed by the Wind Eivcr 
and its tributaries. It is characterized by high beuclies, dropiiing off 
by steep slopes to the river. Along the right bank of the jiver, as far 
down as Bull Lake Fork, a great deal of bowlder drift occurs, and the 
soil, away from the narrow bottoms along the streams, is qnite rocky. 
On the left bank there is not somuch of this drift-soil, and it disappears 
below Crow Heart Butte, anoted landmark iu the valley, which seems to 
have been left to point toward the amount of erosion that has taken 
place. The favored portion of the valley is along the foot of the Wind 
Kiver MountJiins, in the region watered by Wind Kiver, below Crow- 
Heart Butte, Little Wind Eiver, and the Popo-agies. The mountain- 
slopes are clothed with grass, and the valleys of these streams are quite 
fertile and lie well for irrigation. North of Wind Eiver the country is 
generally rather barren. 

2. The Big Horn Basin is generally barren, except the narrow bolts 
along the streams, the foot-hilla of the Sierra Shoshouee and Owl Creek 
Mountains, and the strip of country along the base of these mountains, 
which is tolerably well watered, fertile, and clothed with grass. Except 
along the streams, but little timber occurs. The general aspect of the 
country is rugged, parched, and barren. 

The'Wind-Big Horn Eiver rises in the angle between the Sierra Sho- 
shone and the Wind Kiver Mountains, in latitude 43° itf, longitude 
110°, and, with the name of Wind Eiver, runs in a southwesterly direc- 
tion for nearly the length of the Wind EiverMouiitains, whence, round- 
ing to the northward, making the " big bend," it proceeds northerly to 
its caiion through the Owl Creek Mountains ; here it loses it-a first name 
and is called, thenceforth, the Big Horn Eiver, which flows northerly 
to its canon through the extremity of the Big Horn Mountains, and 
thence to its junction with the Lower Yellowstone. The name "Big 
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Horn" comes from tne IniJian name for tlie mountain-sheep, whicli are 
quite numerous in the mountains about this basin. The Indians oall 
ttiem " big horns." It was the custom of early trappers to name local- 
ities from such circumstances as the abundance of certain kinds of game, 
trees, &c., in their vicinity. The principal tributaries, on the right, are 
Oanipbell's Fork, Bull Lake Tork, Little Wind Biver and its tributa- 
ries, the two Popoagies and Beaver Creek from the Wind River Mount- 
ains, and Bad Water Creek and JTo Wood Creek from the Big Horn 
Mountains. On the left,DeNoir Fork, North Pork, and Dry Fork, from 
the south slope of the Sierra Shoshonees ; Muddy Oreek from the south 
slopes of the Owl Creek Mountains, and Owl Creek, Meeyer-o Creek, 
Gooseberry Oreek, Grey Bull Eiver, and Stinking Water Eiver, from 
the Sierra Shoshonee. 

A wagon-road, opened by James Bridger, leaves the old North Platte 
road from Fort Laramie near Bed Buttes, follows np Poison Spring 
Creek, and thence across to the Big Horn River, which it follows up a 
short distance and theu strikes across the basin to Heart Mountain, 
from whence it proceeds in a northwesterly direction to the settlements 
in Montana. It traverses a very barren country, in which good water 
is Tory scarce for a considerable portion of the distance. 

THE YELLOWSTONE -TETON BASIN. 

As the region here to be described is quite small, it is thought advis- 
able to treat it as a whole, although it is traversed by the main divide 
of the Rocky Mountains — here very low — and part of the divide between 
the Upper Yellowstone and Missouri Rivers. It includes the Yellow- 
stone National Park. It has the Sierra Shoshonee range on the north 
and east, the Wyoming Mountains on the south, and the Tetoiis on the 
southwest. All but the latter have been described. This range is 
quite short, and extends in a northerly direction between the parallels 
of 430 30' and i4P 15', in longitude II60 35'. A few peaks are quite 
acicular in character, and attain in the Grand Teton and Mount Moran 
the altitude of 13,335 and 12,800 feet respectively, as given by Profes- 
sor Hayden. The figures are largely in excess of what the previous 
estimates of these altitudes had been. This region is an elevated pla- 
teau, lying about the sources of some of the principal rivers of the con- 
tinent. It has a surface of high, rolling hills, covered with dense for- 
ests, with many lakes, some quite large, about the sources of the 
streams which lower down have cut very deep valleys. 

The northwestern portion about the sources of the Gallatin and 
Madison is mountainous, culminating iu Mount Washburn, overlooking 
the Grand Canon of the Yellowstone at an elevation of 10,105 feet. 
About 10 miles south of Yellowstone Lake is Mount Sheridan, a small 
knob, with an elevation of 10,156 feet. The soil is quite rich, and vege- 
tation flourishes, although there are indications of a severe climate. 
At the foot of the Tetons, on the east, is a large, fertile valley called 
Jackson's Hole. In the midst of it is Jackson's Lake, a considerable 
body of water. The whole region is thoroughly well watered and is 
notable for the quantity of timber which it carries on low-lying laud. 
Its greatest dimension is one hundred and four miles from north to 
south, and there is an area of over five thousand sqnare miles. South- 
west from Yellowstone Lake is a cluster of small lakes — of which the 
largest is Shoshonee Lake — all at the sources of Snake River, 

Yellowstone Eii'er rises in the Sierra Shoshiinee range about fifty 
miles above the lake, to which it flows in a northwesterly direction. 



Hosted by 



Google 



54 REC0K^■AISPA^X1■: or XOliTIIWEKTERN "WYOMIXG. 

Sliortly after Icaviiif; the hitter it miikes a fail of iihoiit 500 feet into its 
Graud Caiion, tliroiigh wliidi it flows in a curved line, emerging witli 
a northwesterly ilireotioii, ami aftei'wanl juakea a grautl detour around 
the nortlieni extremity of tlie Sierra Slioshoiiee, tVoiii whence it joius 
the Missouri l>y an eastei'ly and uortheawterly course. 

Within the limits of the region described, the only trilmtanes of 
consequence are Pelican Creek and Eiist Fork, on the right, flowing 
from the Siena Shoshoiiee. 

Snake Itiver rises along the Continental divide, between latitude 
430 5U' and 44° 30', in a large number of streams that spread out like a 
fan from a base at the toot of the Teton JUomitains. The principal 
owes are: 1st, Lewis Fork, rising in a series of lakes lying southwest 
from Yellowstone Lake; 2(1, B.irlow's Fork, a tributary of the latter 
from the east; 3il, I'adflc Creek, rising near Two-Ocean Pass; 4tL, 
Bnftido Fork, rising far to the eastward, in the vicinity of the \Vasha- 
kee Seedles ; and 3th, Gros Ventres Creek, rising near the head of Wind 
Eiver. 

There are no roads traversing this basin. One from Fort Ellis lipids 
to the Great Hot Springs, just inside of its uortheru limit. 

IXIHAX TltAlLft!. 

The fuDowiiig are sonie of the iiniioitiuit Indian trails traversing the 
region visited by tbo expedition : 

1. From Camp Brcivn, up "Wind Eiver Valley nearly to its head, and 
across the divide to the Gros Ventres Fork of Snake Kiver. Here it 
forks, sending one branch down the stream as far as Jaclison's Hole, 
where it forks in tuni, one i>ortion leading down the Snake Eiver to 
Fort Hall, and the other, bending sharp around to the northeast, follows 
up Pacific and down Atlantic Creeks to the Yellowstone Kiv^er, down 
which it follows, passing, to the east of Yellowstone Lake, to the Crow 
country in Jlontaua — a branch of it following Lewis Fork and the west 
side of the lake and river; the other branch leaves the Gros Ventres 
near its head, and, bending to the sooth, crosses a low pass in the 
"Wyoming Mountains to the headwaters of Green Kiver, which it fol- 
lows down to the open country and thence to Port Bridger. 

2. From Camp Brown to the JforthFork of Wind Eiver, which is fol- 
lowed up, and two divides — one to the lieadwaters of Snake Eiver — 
crossed to reach the headwaters of Yellowstone Eiver, which is fol- 
lowed down to Yellowstone Lake, where it joins the trail previously 
described. The divides crossed ai-e extremely difBcnlt. 

3. From the " big bend " of "Wind Eiver along the left bank to Dry 
Fork, which is followed up to its head, and a low divide crossed to the 
headwaters of Owl Creek near the VVashakee Needles, whence it passes 
up this stream to its source, passing through a remarkal>ly flue hunting- 
ground for mountain- sheep. There is here one of those luxurious 
mountain- parks which Nature seems occasionally to tlirow off in the very 
midst of her most forbidding works. Its esifltence would never be 
suspected from without, as there is about it nothing but the most deso- 
late and forbidding scenery, while Owl Ci-eek, the natural approach, 
after leaving it, flows for a long distanc^e through a tremendous canon 
along the very axis of the Owl Creek Mountains, ffom whence it emerges 
into the plains, seemingly from a source near their summit; a higher 
source would scarcely he suspected. This park bears many evidences of 
having been used as a hiding-place. Our Indians knew nothing' of it, aud 
yet there are all through it numerous trails, old lodge-poles, bleached 
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bones of g!i!iie, and old camps of Olipyennt's and Arapaboes. AYc may 
expect to hear from it some day as ii hiding-place for hor^ie-thieves 
and other marauders. 

4. From Cam]* Brown nortlnvard over tlio Owl Creek Jloimtains, and 
still further uorth to the buffalo-grounds of the Big Horn Valley and the 
Stinking Water Eiver, near Heart Monntain, thence up the North "Pork of 
that river and over the divide to the trail along Yellowstone Lake. 

5. From the " big bend " of Wind Eiver eastward along tlie northern 
face of the Sweetwater Valley, by the head of Powder Kiver to the Sioux 
conutiy east ot the Big Horn Mountains. 

6. From tlie " big beucl " of Wind Iliver northerly into the Big Horn 
Valley. 

7. From Camp Brown to the head of Wind Kiver, thence throngh 
Togwotee Pass, and northerly across the drainage of Snake lliver, strik- 
ing at Pacific Ci-eelt, a previously-described trail from the Tetous to the 
east side of Yellowstone Lake. 

8. From the Wind Itiver Valley across the Wind Eiver Moiiutinn^, 
above Union Peak, to the headwaters of Green Eiver. 



C U A P T E E III. 
THE YELLOWSTONE BODTE TO MOXTAXA. 
A sliort route to the Yellowstone NatioDal Park. 

The discovery of Togwotee Pass, at the head of Wind Eiver, is preg- 
nant with results tottie future commerce of theWest and XortUwesr, as 
it discloses in all probability one of the principal highways that will in 
the futnre bind their interests with those of the Mississippi Valley and 
the Atlantic States. 

One important object of the expedition was to discover, if possible, a 
practicable apjiroach to Yellowstone Lake from the south or southeast, 
an ai>proach which would not only furnish the shortest route to the Yel- 
lowstone National Park, now practically inaccessible, but would open a 
new x-oute to Montana by a wagon-road but little, if auy, longer tlian the 
present one from Corinne, Utah, that would save a considerable distance 
by rail. lu this it has met with a gratifying success. 

In the flrstplace,ifc was ascertained thatthereare three passes through 
the Sierra Slioshonee aflTording approaches to the Yellowstone Basin 
from tlie east. These are : 1st, from the head of Clark's Fork to the East 
Fork of the Yellowstone; 2d, from the head of the North Fork of the 
"Stinking Water, entering the basin opposite the foot of Yellowstone 
Lake, (the route of the expedition ;) 3d, from the head of the Ishawooa 
Eiver, entering the basin opposite the head of Yellowstone Lake. These 
passes aer all difBcult. 

Also one at the head of Wind Eiver, a little southeast from Yellow- 
stone Lake, which affonls a iterfedly praciicahle 2}assage to the TelloK- 
stoTte Vallei/, -oia Wind lilver Valley and the head of Whid Biva: I 
have named it Togwotee Pass, preferring to attach easy Indian names, 
■wherever possible, to the prominent features of the countrv. It lies in 
latitude 43° 40' 20", longitude 110° 1', and has an altitude of 9,(>2] feet 
above the sea. Notwithstanding this altitude the slopes approaching 
the summit solong and regular that a raib'oad could be bnilt over it'at 
a reasoTiabie cose. 

At present tliereaietwo routes to ^loii t aim, over whieiilhc in torch ;uige 
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of products between tliat Territory audthe East is carried on, and gov- 
ernment supplies shipped to the military posts and the Indians iu that 
country. Tiieseare: 1st, the Missouri Eiver route, by wliich supplies 
are carried by steamljoat as far as Fort Benton, Montana, and from 
thence distributed through the Territory by wagons ; and, 2d, the Union 
Paeitic Kiiilroad route, over which supplies are carried by rail as far as 
Corinae, Utah, and from thence northward, by wagons, to Idaho and 
Montana. In the Government's freighting contracts of 1873, the rates 
from Fort Benton to points in the Territory, and from Corinne to the 
same points, are exactly the same. Of course, so far as rato are con- 
cerned, the laud-route cannot compete witli the water-route; but the 
river route is only open during a few months of the year, and during the 
remainder of the time the land-route is not brought into competition 
with it. Furthermore, daring the season that the river is open, its 
navigability is far from being certain and reliable at all times; so that 
shipments over it are detained a very long and wholly uncertain length 
of time in transitu. As the business of the country is now conducted, 
men can ill aiford to have their money lying idle for months, or weeks, 
or even days, locked up iu goods ia, transitu. Every day saved on 
goods, of tvkateeer character, is the equivalent of money gained. It Is 
this element of time and its inoneg equivalent that underlies the astound- 
ing success of railroa<ls as competitors with water-lines of trafllc — suc- 
cess through which the steamboat is disappearing from our rivers; suc- 
cess that is proving to ns that there is no such thing as slow freight ; 
that men want some kinds of freight shipped/rtsM/' than others, but that 
there is none they want shipped iu a slow and unrehable manner. 

These considerations are so potent that, were a railroad constructed 
to Montana from some point ou the Union Pacific Railroad, it would, in 
all probability, be followed by virhial disappearance of steam boat- traffic 
from the Missouri Elver ; and it is by no means improbable that the 
great saving in distance effected by the new Yellowstone route will, even 
without any more railroad, enable the land-route to compete successfully 
with that via the Missouri. In all events, the proposed route is fraught 
with benefit to the people of Montana, through the bringing of the rival 
lines into a closer competition. 

The present land-route leaves the Central Pacific Eailroad at Corinne, 
Utah, and runs in a noi-therly direction through Idaho to Montana, 
crossing the Bannack Mountains on the divide between the Snake and 
Missouri Rivers. The distance from Corinne to Fort Ellis, Montana, is 
four hundred and three miles. The proposed road should leave the 
Union Pacific Railroad in the vicinity of Point of Bocks, Wyoming, and 
run about north into the Wind River Valley ; thence following up that 
valley to its head, and through Togwotee Pass, northerly, to Yellow- 
stone Lake, and through the Yellowstone National Park to Fort Ellis, 
This route would pass directly by all of the principal phenomena of the 
park — except the geysers, which could easily be reached by a short side- 
road. By it, the distance from Point of Rocks to Yellowstone Lake is 
two hundred and eighty-nine miles, and to Fort Fibs four hundred and 
thirty-seven milts. 



Oaialia, Nb1)., toCoriiiup, Utiili 

Omaha, Neb., to Point of Rocks, \\ 

Distance savpil by rail 
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Omaha, Xeb., to Ydlou-alone Lake. 

Omalia to Corimie 1,055 miles. 

Corinne to Fort Ellis, Mont 403 " 

Fort Ellis to Yellowsftooe Lake 118 " 

Omaba to Yellowstone Lata, (present route) 1, 576 miles. 

Orualia toPointof Rocka 805 " 

Point of Rocks to Yellowstone Lake... 'ir^'i " 

Oaiab a to Yellowstone Lake, (proposed route) 1,0!>4 " 

Proposed route sliorfceua distance to Yullowstoae Lake 4S^ " 

Omalta, Xcb., to Fort EUis and Baseman, Maiit. 

Oiualiato Corinne.--- l,0.->5 miles. 

Coriuneto Fort Ellis 40;! " 

Oni alia to Fort Ellis, (present route) 1, 4jSmil«3. 

Ooiahii to Point of Rocks SKi " 

Point of Rocks to Fort Ellis - - - - 437 " 

OmnUa to Fort Ellis, (proposed route) 1,342 " 

Proposed route shortens distance to Fort Ellis 216 " 

It is fair to presume tbat the freiglit and i>asseng8r rates will be aboat 
tlie same over the proposed as they are over the present route, as the 
distances are nearly the same. A reasonable comparison between these 
rates can therefore be made from the following table, showing those 
paid hy the G-ovi^rument to the Union Pauiflc Eailroad. 



Transporlativu o/jici'son?— (hiiiohh! for encli persnii.) 

Omalia to Corinne ^79 ^S 

Omalia to Point of Rocks 07 2S 

Amount ptr man saved by the proposed route -.. 23 00 

TJf.lXSPOBTiTIOM OP FRKlQin. — TiUUIl CLASS.' 

(4 cents per ton per mile,) 

Omaha to Corinue,_ (1,C55 miles,) per ton - $42 90 

Oninha to Point of Rooks, (HU5 miles,) per ton ''-2 20 

Amount per tan saved hy the proposed rente 10 00 

"^dimBeHf^ In ^fottta«a iia Vnioii Facifie Riiihoad 

Teai-i Ai orat 

18G9 1 135 %0 pounds 

1870 b S9t) li-i pounds 

le.71 7 )01 3e0 pounds 

1673 G 129 <i44 pounds 

1873 (al out) 6 000 000 pounds 

Shipments fi-ora Suoil Louis to Molilalia, ciu aU ra»to 
Years. Amoniit. 

In71 13,000,000 pounds. 

Iflia 10,000,000 pounds. 

1873 6,000,000 pounds. 

'Based ui>on present lales of Union Tacifle Enilvonrt friini Onin!ia to Ogdon. 
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The proposed rout© will not be Wouked by snow so iiiiicli iis the pres- 
ent oue, as the snow-belt lies in a heavilj--tiinbej.'e(l comitry, in wliich 
tlie snow will not drift laudi. Xbis will include a distance of fully one 
Imndred and fifty miles nortU from "Wind Kiver Valley. It trill open 
up a body of 2,0(H),0()0 aores of timber-land, well watered, and witb a 
i-ieli soil. Obserratious tlins tav indicate tbat this is a region of e^nable 
preeipitation of rain, and that irrigation will not be necessary in culti- 
vating the soil. There is considerable frost even during the summer, 
but in spite of it the vegetation is always quite luxuriant. 

There is good reason for believing that the Yellowstone !Saf ioinil Park 
will, in time, become the most popular summer-resort in the country, 
perhaps the world. This, of it.self, is a siiflicient reason for opening 
the way to it at once, 

To sum ui>, the proposed ronte will save two hundred and fifty miles 
of distance by railroad ; four hundred and eighty-two miles in reaching 
Yellowstone Lake, and two hundred and sixteen miles in i-eacliiugthe 
principal cities of Montana ; is a direct route to the Yellowstone National 
Park, which at present is practically inaccessible, and will eventually 
be the shortest railroiid line to Montana ; it opens up a very large tract 
of low -lying timber-land, a feature of rare occurrence in the great Rocky 
Mountain ])lateau ; it will open up to settlement the Wind liiver Valley, 
the Teton Basin, and the valley of the Upper Yellowstone ; aiid, finally, 
will throw open the Yellowstone National Park to the wonder-seekers 
of the world. 



CHAPTEll IV. 



METEOROLOGY. 



Iiistrnments— CHiiinte of Green Ri™r, Bi^ Horn, ami YoUowstoDii — Teton liasiiis — 
Probable region of equable pi-eeipitation of raiu— Taltiu of ;iUitiides— Taljlo of 
weuther-observationa. 

Observations were taken with barometers, (two cistern and three 
small aneroids,} tliennometers, hygrometer, maximum and minimum 
thermometers, and solar and terrestrial radiation-thermometers. In all 
possible cases, tlie temperature of springs, including thermal springs, 
was taken. The temperature of the latter will be treated in the report 
of Dr. C. L. Heizmann, assistant-surgeon TJ. S. A. Observations were 
generally taken by Mr. J. 1). Putnam, under the direction of Dr. O. 
0. Parry, and are, in my opinion, thoroughly reliable. Mr. Putnam 
deserves special mention for having carried cistern-barometer No. 1973 
(Green) the round trip, frequently in very difi&cult mountain climbing 
and marching, without getting it iujuredin any manner that could affect 
the reliability of its readings. The terrestrial radiation thermometer 
was unfortunately broken on the march to Camp Brown. The minimum- 
thermometer was also broken, but afterward observations were taken to 
get the minimum just before sunrise, which I think can safely be relied 
on. Observations for maximum are not so numerons as I wished to 
have them, because the column was generally on the march at that 
periotl of the day when it usually occurs. All altitudes are deduced 
from readings of the cistern barometer. 

A careful comparison of the aneroids with a cistern, (1972,) in the 
office and on the march from Fort Bridger to Camp Brown, in all the 
circumstances of rapid and wide variations of temperature incident to 
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bypsoiiietrical observations, led me to look with suspicion upon tlieir 
reliability. lu bringing them down from great eleviitions, tbey require 
a long and erratic period of time for returning to their .normal indica- 
tions, while in going up they indicate the deciease of preasnre too rap- 
idly, thus leading to the excessive altitudes usually resulting from their 
use. It would seem as though the corrugated metallic bos offers less 
resistance to expansion than compression, and that at high altitudes it 
is likely to take a set, thus preventing a complete return to the shape 
■which it held at the lower level, rurtheriuore, where the diurnal vari- 
ations of temperature are very wide, these aneroids, although compen- 
sated, were visibly attected by heat, and there is nothing to show to 
what extent. The result of otiice-comparisons is given below in Tables 
I, II, and III. 



Omiilia, Neb alt't 1 

Error of ciBteru La ometer N 1 

Error of ciBtem barometer No 1 

CupilLirity 



Fort Bridge W o alt 1 
Error uf t-isteru onieter (1 4 
Mean of 14 u p so s 
Probable oouat ut error of No H^ 4 



Oiiialia, Neb., eJevation 1 (lOQ f t 

Error of aueroid No. 1, (uieau from 34 readiUj,s) — (i 1 1 

Error of aneroid No. 3, (menu from ;S4 rendm^ ) — li (M 

Error of aueroid No. 3, (uiean from 34 readings; -[-(i (i 4 

Tjhi-e III. 
Anei'oirts.* 

Fort Bridger, Wyo., altitude _. (i, (J39 fwt. 

[ Error of aneroid No. 1 +0.5^4 

Jleau from 23 comparisons. . J Error of aoeroid No. 3. +0.007 

( Error of aneroid No. :J 4-0.040 

t Error of aneroid No. 1 ^-O, (K-^ 

Mean from 115 comparisons.^ Error of aneroid No. 3 _ -j-O. ^Is 

( Error of aneroid So. 3 4-0-*-^ 

K. B.— These aneroids were compensated. 

On the 16th of Jlay I sent Mr. Putnam to Fort Bridger with all the 
barometers and other necessary instrnmeuts for making (before the ex- 
pedition took the field) a thorough comparinion of their readings. This 
he did very faithfully, and the result showed that my aneroids were not 
reliable, although I still hoped to use them for special trips, by compar- 
ing them iinuiediateiy before leaving and at once alter returning to 
camp. It soon appeared, however, tliat they were not fit even for this. 
The aneroid is a good weather-glass, but is hardly fit for hypsometrical 
work ; this is a great pity, for there is great merit in it^ portability 
where mountains are to he climbed, and in its non-liability to breakage. 

' CuiiiliJtred witli Ko. 1973, Iciatem.) at 33^ Palireiilioit. 
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Oq tfae marcli from !Port Bridger the mercury in cistern ■barometer 
185i leaked a little tlirough the ba?. The oxidation of this mercury 
betweea the threads of the elevatiug-screw soon clogged it, so that it 
could not be turned without great difficulty. Mr. C. T. Creary, who 
was carrying it, very ingeniously remedied the difficulty by making a 
wooden screw to work in its place. This answered the purpose admira- 
ably until we arrived at Camp Stambaugh, when he made a new screw 
of iron, that answered its purpose during the rest of the trip. 

The leakage was caused by attempting to screw up the mercury until it 
filled the tube, in putting it up for transportation. This brings too much 
pressure on the bag of the cistern, and the mercury is crowded through 
it. It should only be screwed up until the cistern is full. The small 
motion in the mecurial column that is thus permitted does not endanger 
the instrument so much as the leakage when it is screwed up too tiight. 
Works on meteorology do not call sufficient attention to this point, but 
rather convey the idea, if they do not positively direct, that the tube 
should be Alied. The Smithsonian directions for meteorological obser- 
vations, under the head of Barometer, say, page 17 : " If circumstances 
compel this (moving) to be done, we should begin, before taking it from 
its place, by raising the mercury in the cistern by means of the screw 
80 as to fill the cistern and the tube," Now, for transportation in the 
field, when at high altitudes, a comparatively large portion of the mer- 
cury gets into the cistern. This will not do at all, and, indeed, I should 
not think it advisable ever to screw up the mercury more than enough 
to fill the cisteni. 

Iucomi>aring these barometers, my attention has been particularly 
called to the unsatisfactory manner in which the attached thermometer 
registers the temperature of the itfercury in the tube. Its bulb isplaeed 
in a small metallic case fastened to the outside of the brass frame of 
the barometer, which has a small hole sometimes cut in it opposite the 
bulb. It makes but little difference whether the hole is cut or not ; the 
thermometer registers the temperature of a small inclosed spaoe that 
receives the impress of increments or decrements of heat, somewhat 
less rapidly than the air outside, and the whole would make no sensible 
change in the readings. But the column of mercury is very slow to 
receive impressions of heat, and yet it is the temperature of this mer- 
cury that we must have in order to proceed with certainty to a common 
point of comparison for all observations. Here is undoubtedly the rea- 
son why no satisfactory results can be obtained in the comparison 
betweeu two barometers. The true difference can only appear from the 
mean of a good many observations. In hypsometrical work this must 
be the cause of serious error, and when it is remedied the barometer 
will indeed be a remarkable leveling instrument. 

Through the courtesy of the Chief Signal-Offleer of the Army I have 
obtained the barometer-readings at Cheyenne, Corinne, and Fort Benton 
for the period covered by our trip. They have been plotted, and the re- 
sults are showu in the accompanying chart. From these I was enabled 
to refer Camp Brown, our field-base, to Salt Lake City, at a time when 
the whole region was equally affected by barometric disturbance, thus in- 
suring excellent altitude results, as an examination of the table of altitudes 
will show. To instance this I will call attention to the altitudes of Yel- 
lowstone Lake. We camped upon its shore five times, making almost 
the circuit around it. By leaving out one observation, that was not made 
at a proper time in the day for nice work, as the others were, it will be 
seen that the results, compare quite closely. The mean of these gives 
7,5G4 fetit for the altitude of the lake, which, there is good reason for 
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Cafrip Stambaughy. 







Carnp Stamhau^h elevaiion 7767 feet, Lut. 
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believing, is a fair approximation. I am somewhat specific on tliis 
point, twcanse these figures dilf«r so widely from those obtained by 
Professor Harden, who, in 1871, finds this altitude to be 7,427 feet, and 
in 1872 finds "it 7,788. 

At Fort Bridger, Oamp Brown, and the outlet of the Yellowstone 
Lake, I had hourly observations taten, for t!ie purpose of getting an 
approximate horary curve for each. The results are given in the an- 
nexed chart, and will be of much interest. 

The barometric readings at Corinne, Fort Benton, and Cheyenne, 
show that over the field embraced by the reconnaissance, the abnormal 
barometric oscillation was very nearly uniform. The covnputatious for 
altitude were made by Lient. S. E. Blunt, Thivteentli United States In- 
fantry. 

GREEN EIVER BASIN. 

In the Green lliver Basin the diurnal temperature varies between 
pretty wide limits. This is largely owing to the extreme dryness of the 
atmosphere, which leaves almost nothing interposed to interfere with 
the radiation from the sun and earth. The relative humidity is very 
low, and dew and frost are qnite rare. Eain seldom falls. The amount 
of solar radiation, as will be seen from the observations, is large, and 
the same causes that produce it will also probably produce a corre- 
spondingly large terrestrial radiation ; all this indicates a severe climate. 

The winds, with remarkable unanimity, are from the southwest and 
■west, and the quantity of motion is great ; a gale of wind can be confi- 
dently expected every day, commencing a little before noon. The natu- 
ral tendency of the winds to come from the southwest over this re- 
gion, is augmented by the local ooiiflguration of the ground. The west 
end of this basin is a cul-de-sac, with high mountains nearly surround- 
ing it — the TJintahs on the south the Wihsitch on the west, and the 
"Wind Eivei i in^c >n the t orth The annexed si ctLh wil! ill istrate ir, 
(Fig 8 ) 








-^:xi 



Jii 



Fig. 8. — Explaaatiou of wlutls in Gceeu Eiyer Basra. 

The air over the plateau becomes inordinately heated from radiation, 
while the cold air from the mountains rushes in to take its place, as it 
rises, and restore the equilibrium. The resultant motion thus produced 
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is in a northwesterly direction, and as this is aboat the mejin directioQ 
of the general cnrreuts of the air in this latitude, if will be seeu that the 
Oiffereiit causes that tend to set the air in motion mutnally re-enforce 
each other, producing the high winds that are such a well-known fea- 
ture of the climate. 

There are times when this local disturbance must be excessive, and 
perhaps we may look here for the origin, or at least a clew to it, of the 
storms that sweep across the continent to the eastward, and spend their 
fury on the Atlantic Ocean. 

Local storms and squalls from the mountains sometimes descend a 
short distance into this basin, but "generally clouds are rare, except the 
low fringe of cumuli on the horizon, that is so characteristic of fine 
weather. 

Tl^IND RIVER BASIX. 




Espliination of ^linils 



The climate here is comparatively mild. The diurnal temperature 
has not sueh a great range as on the other side of the Wind lliver range, 
although in summer the air gets exceedingly warm about mid-day. The 
solar radiation is still very great, but terrestrial radiation is smaller, as 

the nights are warm. The relative humidity is also extremely low, caus- 
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ing a rarity of dew and frost. The moaafcaius lying so close aronod, a 
sligUt rain-fall is caused by the sammer showers from them, but the 
quantity of water that falls is very small. The general prevailing winds 
are entirely intercepted by tlie moantains, but the local tlistnrbance 
caused by the air getting highly heated over the valley, and the rash of 
the cold air from the tnouutains to establish an equilibrium, is very great, 
eansing daily currents of such strength and persistence as to give origin 
to the name of the river and mountains. This action is iUuMtrated in the 
annexed sketch, (Fig, 0.) 

THE BIG nOEK BASIN. 

The climate here is probably quite similar to that of the Wind River 
Valley ; as far as our observations go such are the indications. There 
is the same and perhaps a somewhat greater cause for violent winds. 
The Indians repeatedly called my attention to the fact that it was very 
windy here, even more so than in the Wind River Valley. This is suf- 
ficiently accounted for by the fact that the mountains are very extensive, 
and the country at their feet and across to the Big Horn Kange is 
mostly bare soil and rock, capable of becoming very strongly heated 
under the effects of the great solar radiation. 

Away from the western face of the basin where the summer-squalls 
hang down from the edge of the mountains, the region is probably 
largely exempt from rain. This is further indicated by the fsvct that an 
extremely small quantit5' of water is drained from the western slopes of 
the Big Horn Mountains. The streams are of rai-e occurrence, and are 
frequently dry. On account of the scarcity of water, travel in the 
lower part of this basin, and more especially along its eastern face. Is 
attended with much iuconvei 



UPPER YELLOWSTO^'E-TETON BASIN. 

These two basins, although on opposite sides of the main divide of 
the Bocky Mountains, are yet subject to the same climatic influences ; 
for this divide is so low between them as to lose its mountainous char- 
acter almost entirely. This is supplied by the Sierra Shoshonee range 
which borders them on the east, the Wyoming Mountains to the south, 
and the Tetons which lie to the west. 

This region is also characterized by wide extremes of diurnal tempera- 
ture, although the day temperature is generally rather low, making an 
agreeable summer climate. The freeziug-point seems to obtain quite 
commonly just before sunrise; and late in August, different parties, in 
three consecutive years, have noted at this time of the day such very nota- 
ble temperatures as li° F., 13° P., and 12^ T. The nights are extremely 
cold as a rule. An approximation to the mean annual temperature ob- 
tained from the temperatures of some springs east of Yellowstone Lake, 
and one between the lake and the falls, is S7'^.5 F. 

The relative humidity is remarkably high for the Eocky Mountain 
region, which is so generally characterized by the small proportion of 
aquous vapor in its atmosphere; as a natural attendant upon this ex- 
ceptional feature, the whole region is densely timbered. 

There is ample evidence of a moderately copious rain-fall in and 
around this basin, especially about the headwaters of Suake Eiver, the 
vegetation is always fresh and tolerably luxuriant; the country is amply 
supplied with water in marsh, spring, stream, pond, and lake, and the 
meteorological records of parties who have visited it for three years iu 
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succession point clearly to it. We had several rainy days while travers- 
ing it, days in which the rain fell almost continuously daring the nigbt 
and day. This is a notable fact. 

It is probably a region of severe stonns ; for an inspection of a gen- 
eral map, together with the anuesed sketch, shows that the principal 
Fig. 10. 




liellowstoue—Teton Basm 
southwest air-current, moving over a low portion of the mountain mass 
of the Piiciiic coast, reaches the Teton's and Sierra Shoshonee range 
without being deprived of much of its vapor. It is not only checked 
in its course by this high, cool wall, bnt the tremendous aciciilar ridgs 
of the Tetons stands in such a position as to produce a strong eddy 
about the headwaters of the Snake and over the lake basin. 

The equable precipitation favors the growth of forest and rank vegeta- 
tion, while the latter stores np the water, to be constantly vaporized and 
held ready for reprecipitation, the canae and effect each favorably act- 
ing upon the other. The indications are that this region along the 
western base of the Sierra Shoshone Mountains,* and lying between 

' I use tbe word " mouotaius " in connectioii with skrra in duletence to the custom 
of oonsideriog them words of different shades of meaning. To the majority of Engliah- 
speakiog people mountain is the only word that eoiniiletely covers tlie idea iuvMved. 
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the parallels of iS° 30' and 45° 30' Dorth latitude, is one of equable 
precipitation. The severity of the summer frosts, however, will prevent 
any extensive tillage of the soil, which, by the way, is a rich black 
loam. The prevailing winds are westerly, and mild in their character. 

Table of altitudes. 

All oljsecvations with mercurial barometer. 



lort Bridger 

Camp Nj J 

Camp No 

Camp \o 6 

Camp No 8 

Camp No 9 

DiTide between Big Sandy and Litlte fe'indj 

Camp No 10 

Camp Xu 11 

Camp No 12 

Summit of South Pass 

Camp No H 

camp Stambaueh 

TnangiilatiDu Station No 43 

Camp No 15 

Bunch at head ot Red Canon 

Camp No 16 

Kanoh on Big Popo Agie (old Camp Brown) 

Camp No 17 

Camp Brown 

From Camp Brown to Wind Eiver Monntaine 

Foot of hrst hill 

Top of first hill 

Top of second hill 

Summit of Bald Mountain 

Timber lino 

Summit of Chimney Rock 

Camp No 20 
Divide Sage Creek and W md River 
Camp No il 

Camp No 22 (across the river from Camp ai) 
Camp No 2S 
Camp No 24 
Camp No J5 

Pafls over Owl Creek Mountains 
Sommit eist ot pisB 
Summit ot Phlox Mouutain 
Camp No ib 

Camp on headwaters ot Owl Creek 
Timber line on the Washikee Needles 
Summit of the Washakee Needles 
Last divide before Camp No i7 
Camp No 27 

HiU aunth of Camp No 27 
Camp No 28 
Camp No Jfl 
C imp No ^0 
Spur from the mountains 
Camp No 31 
Camp No 33 
Camp No 33 
Camp No 34 

Bidge 8 I) W from Camp 34, let point 
Bidge S & W from Camp 34 ^d point 
H Ex 285 5 



trti39 U 
(iJO'i 3 
biU 9 
0210 2 



-400 2 
77W 1 
H2ti7 1 
t)9>7 ) 
6'i4'H 
54U- 1 
Jll 
o447 3 
54<I8 4 

(MO 



60% 5 
>b'^ 1 
5S 6 
bliO i 
fii-iU 
t)20& 
7H3I 
(=23.1 
91J() 
6108 1 
861(1 
106Ki 
12253 
7074 7 
b471 



b041 6 
7303 
73«« 
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Table of attitades — Coutinued. 



Ridge 8. S. W. from Camp 34, HA poiDt 

Camp No. 35 

CiunpNo.36 

Suinuit of Sailor Mounti^ii 

Timber-line on Sailor Mountain 

Stinking-water Pass 

First triangulabion-point north of pass 

Second triangulation-point north of pass . . . 

Camp No. 37 

TellowBtone Lake, (at outlet)- 

Camp No. 39 

Height of Upper Falls of the Yellowetone. . 
Height of Great Falls of the Yellowstone . . . 

Camp No. 40 

Camp No. 41 

Jack Baronett?e cabin 

Yello.wstone River at bridge 

Caini)No.42 

Summit of Monnt Waahbumo 

Camp No. 43 

Camp No. 44 

Camp No, 45 

Camp No. 46 

Camp No. 47 

Camp No. 48, (Yellowstone Lakel 

Camp No. 49, (Yellowstone Lsikel 

Camp No. 50, (Yellowstone LakeJ 

Camp No. 51, (Yellowstone Lake) 

Yellowstone Lake, (mean adopted) 

Summit of Mount Sheridan _. 

Camp No. 52 _ _ . 

Camp No. 53 

Camp No. 54 

Camp No. 55 ........ 

Camp No. 56 

Hill above Camp 56, (crossed by trail) . 

Camp No. 57 

Togwot«e Pass 

Mountain S. W. of pass 

Camp No. 58 

Camp No, K 

Camp No. 60 

Camp No. 61 __. 

■^amp No. 62, (Camp No. 20) 



6318.7 
6G83,0 

10046, 
9746,0 
9444. 3 
9938. 1 

10027.9 
8940. 
7564. 
7491.8 
150.2 

790s!o 



5813.7 
10105.3 
7724.0 



7564.0 
7552. 3 
756,'i, 1 
7564.0 
10150.0 
7787.7 
7847.7 



6172. 
5750.1 
.5799,6 
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Table II. — Record of radiation, maximum atid minimum tlumitomtlert. 
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ASTRONOMICAL REPORT. 



■, Thiiieeulli i' idled HMes Iiifmiinj. 



.amplos of computations. 

Engineer Office. 

Omaha, Neb., January 1, lST-1. 

Sib : I have tlie honor to miike the following report concerning the 
astronomical work of the expedition to NortUwestern Wyoming during 
the summer of 1873. The observations were taken by myself, assisted 
by Mr. George C. Hitt. 

The only iustriimeuts used were one sextant, one reflecting circle, ami 
one artificial horizon ; two box-chronometers, one regulated on mean 
solar time, aud the other ou sidereal time, were used in connection with 
tbe sextant at Fort Bridger, and i»art of the way to Camp Stambangh. 
The boxes containing the sexta,nt and reflecting circle were carried on 
the backs of men in the saddle; thus transported, the instruments re- 
mained in good order, and, though they were always examined before 
taking an observation, adjustment was but seldom found necessary. 
The box-chronometers were also packed in the usnal manner for field 
transportation and carefully carried on the back of a man in the sad- 
dle; but it was our experience that the slight motion that they were 
thus unavoidably exposed to, so impaired their rate as to render them 
worthless as a means of determining longitude. They were left at Camp 
Stambaugh, and a pocket-chronometer (Frodsham, 9898) was used dur- 
ing the remainder of the trip, and gave satisfaction ; its rate bad been 
determined at Omaha, and also at Camp Brown, before leaving and after 
returning ; all three results closely agreeing. 

Longitude at the following places was obtained by means of lunar ob- 
servations ; the distance of the moon from the sun, and also from a 
planet or star, or from both, being taken. 

At Fort Bridger, mean of two lunars; Camp Brown, mean of fourteen 
lunars ; outlet of Yellowstone Lake, mean of four lunars ; Camp 49, on 
Yellowstone Lake, mean of four lunars ; Camp 50, ou Buffalo Fork of 
Snake Itivev, mean of three lunars. 

Some of the lunars at Camp Brown were taken before departure for 
the Yellowstone, the remainder after our return — the fourteen observa- 
tions being taken on four difterent days. 

To show the manner of taking theobservatious for longitude by lunar 
distances, aud tor field-work the closeness of the results obtained, I give 
the observations at the outlet of Yellowstone Lake, (Camp 3S.) 
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The altitudes of the moou were taken ateqnal intervals before and after 
the time of observing for distance — the same in regard to Mars ; the 
means of the altitades thus obtained were used as the altitudes at the 
time the distance was measured, this being more accurate than any 
other method that conld be adopted by a single observer. 

The computations were made accoriliug to Cliauvenet's metliod of cor- 
recting lunar distances. 

Longitudes for other points were deteriiiiaed fram the error of the 
pocket-chronometer on local mean solar time, its error on the mean solar 
time at Camp Brown being fonnd by computation ; lunars serving as 
checks upon these where the longitude was obtained by both methods, 
and the two determinations agreeing closely; the longitudes by time 
can be regarded as close approximations. 

The mean solar-time at place of observation was found either from 
eqnal altitudes of the sun or of a star ; Arcturus, a Ser]}entis, a Ophiti- 
chi, or a Aqiuhe being generally used. 

Latitude was obtained by circum-meridian altitudes of the snn, or of 
the same stars as used in the observations for time. Whenever the 
party remained more than oue day at the same camp, latitude was de- 
termined each noou, as well as by the stars at night. Here, too, very 
satisfactory results were obtaincfl, remembering that no other instru- 
ment but a sextant was used in the observations. 

I give one of the observations, and the mean of the deductions from 
four others, to show how closely the results agree with each other. 



9 of ihe s 



Tliueofotefrva- 


Oliwn 


od annble 
li^ofsua. 


- 


titu 


erlB 


«<-.ei\ 


,„„,... 




58 SO.,-. 
■* 31.5 
10 40 




33 11 


40 
M 
30 
40 

30 






i 


la 76 

56,77 


Iniles error of sextant ^- 40-'. 
Ercoc of eccontrioitj- of sextant 00" 




Appro^^imate latitorte. 44- 34'. 





Hosted by 



Google 



84 



EECONNAISSASCE OF KORTHWESTERX WVOMING. 



The latitude deduced from the mean of tliese niue observations ou tlie 
sun is MP Si' 50" .59, and from the other four sets 44° 34' 4T",2; 44^ 34' 
52".23 ; 440 34' 53".56, and i4P 34' 49".97, respectively, giving a mean for 
the final result of 44^34' ol".91. 

The following is the list of latitudes and longitudes determined : 
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The magnetic variation could not easily bo obtained very accurately 
with the instruments at my command ; three or more observations, how- 
ever, were taken whenever tbo declination was obtained, in order to 
eliminate errors as much as possible, and a mean of the results adopted 
as the final result. Tbey can probably be depended upon to withino'. 

Talle of J1K13 ne(ic rariat'ioiis. 



B„,. 


stations, Dediiiationa. 






! = ' 














Jul} 1 


CampStembaugh - Vt 25 
























CimvUio«-" 


^' ^■' 



I am, sir, very respectfnlly, vour obedient servant. 

STAXnOPE E. JiLUXT, 
.Sfcn'l Lkuteimnt Thirtccntit In/aiitry. 
Ciipt. W. A. Jones, 

i'orpif of J-Jiuf'ucers. 
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CHAPTER I. 

ISTRODUCTIOS. 

Esplauation— Geueral plau of geological rerort—Xacvatiye of special trips. 

Before proceeding to the more special and detaileti acconnt of tbe 
geology of the district traversed by Captain Jones during tbe summer 
of 1873, it will be proper to devote a little space to a hasty review of 
some points connected with the trip itself, which come justly within the 
scope of this report, and which, if not here introduced, might leave 
uuesplaiued some matters of greater significance. It is also desirable 
that some explanation sliould be given of the causes which have led to 
the appearance of the report in its present shape. 

Upon my return from the field with an abundance of material, in the 
form of notes and specimens, for the preparation of a report upon the 
geological stru cture of the greater portion of the western third of Wy- 
oming Territory, it very soon became evident that the labor of arrang- 
ing and elaborating completely the whole of the work done iu the field 
would require much more time than could well be allowed me. This 
difficulty would have been grave enough had the region explored been 
of no more than ordinary interest; but when the wonderful extent and 
variety of this section is fully realized and considered, it will be seen 
that my task has thereby been greatly increased. In addition to this 
difficalty, circumstances beyond my control have compelled me to work 
with very few advantages of reference or coiuparisou. As a natural 
result, regretted by no one more than by the writer, the following pages 
will be found lacking in several important particulars, among which 
two interesting subjects require some notice in this place. 1 refer to 
paleontology and chemical geology, in both of which departments much 
material was collected, but which, for the reasons mentioned, have been 
necessarily treated qaite summarily. So far as I have been able, I have 
identified the fossils collected, and, iu most cases, I have thus been eua- 
bied to determine with certainty the formations from which they were 
obtained. 

Pi,AN OF GEOLOGICAL REPOUT. 

In the preparation of thi.s report I have sought to arrau^e its compo- 
nent parts iu such a manner as to combine utility with conciseness of 
expression apd ease of reference. In a work which is intended merely 
as a resume of the more important results of field-labors, it is excusable, 
not to say necessary, that events and discoveries should be narrated in 
the order of their occurrence, but, however easier it may be to thus send 
forth the final results, such » report can only be accepted as the fore- 
runner of a more complete and elaborate treatise in the fu ture. Though 
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iiidulgiug the hope that the ample material now in my possession may 
yeC yield riclier fruit under more favorable circumstances, I have yet 
felt, in the absence of such assurance, that the present work should 
have as much of tlie air of a finished production as can well be giveu to 
it within necessary limits. For this reason the plan of arrangemeut 
adopted in the following pages is the grouping of facta and couclusious 
under appropriate heads, with little oc no regard to sequence of obscr- 
vatioD, except when essential to the complete elucidation of any subject. 
Each broad division of geology and related subjects is discnssed iu suc- 
cession, each occupying as many chapters as may be deemed expedient. 
In each chapter the several prominent topics are plainly indicated by 
head-lines in the text, and these, with minor topics, will readily be found 
by refen-ing to the copious index at the close of the report. This method, 
which, I believe, will prove most satisfactory to the majority of those 
who will use this report, will uecessitate a somewhat more careful 
attention than would be required by an arrangement which would allow 
of more frequent repetition ; but I am persuaded that if this treatise be 
incapable of resting upon its own merit, nothing in the way of mere 
composition can make it any more deserving of generous approval. It 
has been thought desirable, however, in one or two instances, to give a 
brief resume or recapitulation of several chapters, as in chapter VL 
which is devoted to a general review of local geology, systematic and 
economical. 

The order of ari'angement of the several chapters is in a measure 
natural and progressive. Beginuing with a notice of the physical 
geography, or the resultant of all the various forces which have com- 
bined to produce the present surface features, then proceeding to the 
discussion of geological structure or the resistance encountered, the 
determination of the forces themselves comes uext in order, after which 
such special subjects as are not directly connected with the geologj' of 
theregion are considered. To thelatterclassbelongthechapterof arch- 
ieological notes and the notes upon the Shoshone tribe, with a vocabu- 
lary. 

NARRATIVE OE ITIKERAEY OF SPECIAL TRIPS. 

It would be entirely snperflnons to write anything like a narrative of 
the occuiTCnces from day to day along the line of march ; nor have I 
thought it necessary to transcribe the greater portion of 'my field-notes 
in the form of a journal. I found it necessary, however, upon several 
occasions, to make independent side-trips for the purpose of obtaining 
more extended information than was possible at all times in the imme- 
diate vicinity of our trail. As the incidents and observations of these 
sorties will not be elsewhere related, it will be well to describe them 
without amplification in this place. Each is numbered in the order of 
its occuiTence. 

I. — TRIP TO THE UIXTAH MorNTAINS. 

June G. — A delay of several days at Fort Eridger, inciilcnt to prepa' 
rationandorganization,a£forded an opportunityfora somewhat extended 
trip, of which I availed myself by a ran to the Uintah Mountains for 
the purpose of observing the structure of that range, and with the 
intention of learning as much as possible of the intervening country 
and Its geology. I was accompanied by Mr, J. D. Putnam, who eanied 
a mercurial barometer and an aneroid, with which frequent observations 
■were taken. We were piloted by William Somers, a guide of much expe- 
rience in this section of country. Our route, which was as direct as 
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possible so early iu the season, lay across the soutkwesteru corner of 
the great Green Eiver Basiu, in a general south-southeastern direction. 
"When we left the post the water of Black's Fork at that point was 
unusually high, causing serious damage to hridges, and knowing ones 
predicted the failure of our little expedition, A ride of eight miles 
brought us to the crossing of Smith's Fork, which was found to be too 
high for fording, and we weut some distance above, where the creek 
divides into several smaller streams. Even these proved difBcult to 
cross. One must see these swollen torrents and ford them to fnlly 
appreciate their force and the consequent amount of sediment held in 
suspension. In seasons of heavy floods many of the mountain-streams 
are veritable rivers in size, and such they are usually named, to the 
great wonder of those who have seen them only in midsummer, when 
mauy are almost dry. All the streams that we were obliged to cross in 
our progress toward the mountains were very much swollen, and we 
were not infrequently obliged to cast about for suitable places to ford. 
After crossing Smith's Fork we bore southward for several miles, pass- 
ing through a portion of the Grizzly Buttes,* a "bad lands" district 
now made famous as the scene of the labors of Professors Marsh, 
Leidy, and Cope, resulting in the discovery of numerous remains of 
extinct vertebrates. This formation is more or less restricted, flaukiug 
the edges of quite extensive benches as a kind of fringe at this point 
about one mile in width. The buttes are usually capped liy grotesque 
masses of weathered rock in the form of columns or pyramids of various 
shapes, which often bear a fair resemblance to familiar objects, such as 
huts, anvils, chimneys, steeples, monuments, nestling birds, &<:. 

Continuing our course over benches becoming broader and more ex- 
tended nearer the mountains, we finally reached and crossed Cotton- 
wood Creek, one of a dozen so named withiu a limited area in the West, 
From this point we continued our course across sage-brush plains, 
with little of variety, except an occasional alkali bog, in which our 
mules sank to their bellies, or an alkali hole, filled with a sloughy mass 
of theconsistencyof soft-soap, with irregular streaks of blue and yellow. 

Pushing onward rapidly we crossed the divide to the slope toward 
the west branch of Henry's Fork, camping just at dusk near a fine cold 
spring, in a sheltered depression upon the hill-side. This camp was at 
an elevation of about 2,0(H> feet above the valley of Black's Fork at 
Fort Bridger, and it was distant by an airline nearly nineteen miles, 
and by our course about twenty-two miles from the same point. 

June 7. — Left camp quite early, hearing east of south toward the 
mountains. On our way we encountered quantities of fallen timber, 
which very seriously impeded our progress. Between two wide belts 
of this we were obliged Lo climb a steep bluff strewn with bowlders, 
largely of red sandstone, but with a beautiful grassy summit almost level. 
Passing through a narrow opening in the timber which skirts this ridge 
there is brought to view an inclosed^pasture of several acres, evidently 
a favorite resort of the elt, judging from the number of shed antlers 
which lie strewn over it-s surface. TUe view from this point is very flue, 
and quite extensive. The ridge slopes rather abruptly upon both sides 
to the streams below, one of which ripples through a grassy bottom, ap- 
parently walled in upon all sides, with a narrow gap where the water 

" lu a paper entitled " On the Geology of Westera Wyoming," pablisted in the 
American Journal of Science and. Arts, voK VI. December, 1S73, 1 have offered an expla- 
iiatii)u of the origin of this name, wUicli proves to be erroneous. Judge W. A. Carter 
states that the name originated from a report tliat au old hunter had there discovered 
a petrified grizzly. 
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flows out. This was pointed out by our gnkle as one of liis favorite 
places for wintering stocli. Beyond this we passed througli an exten- 
sive tract of fallen timber, part of it scattered over the surface of a hill 
■which we descended to reach the valley of a small creek to which I have 
given the iiame of Bog Creeli, merely for convenience of reference. 
The left bank of this streaiu for several miles has a very gentle slope 
toward the creel;, and it is, therefore, very boggy and dotted with stand- 
ing pools, at least early in the season. The ^ope uix>n the right hank is 
very much gTeater and the bulk of the stream flows along that side of 
the valley. Passing up the stream by a gradual asceut we suddenly 
reached a small belt of timber stretching across the valley. This was 
but a few rods in width, and very quickly the water was found running 
off rapidly in the opposite direction by a series of small cascades, ex- 
tending nearly to the junctiou of the west branch of Henry's Fork, not 
a great distance below. 

The west branch, or Bnrns' Fork, runs through a broad alluvial valley, 
very irregularly, fteqneutly, as at this point, splitting into four or five 
parts, which again nuite aud separate indefinitely, causing constant 
changes in the channels by the formation and destruction of islands, 
peninsulas, ponds, &c. This valley is in many resi>ect8 the conntei-part 
of the Lower Amazon, but on a very small scale. Even the fluctuations 
of level caused by the tides in the mighty Brazilian stream, which I 
have observed at a distance of five hundred miles from the Atlantic 
coast, are simulated in this average moantain -stream in therise and fall 
produced by the alternate melting and freezing of the snowa. 

Directly opposite our point of approach a side valley opens, but its 
stream, hugging the right bank, eaters Burns' Fork some rods below. 
Crossing the latter, we ascended this tributary. The upper portion of 
the valley was very miry, and we were soon in the midst of immense 
drifts of the slowly -melting snows. For at least two miles our mules 
fairly floundered, sinking above their knees at almost every step, until 
we Anally reached a high hill covered with loose bowlders, which we 
ascended by a very ateep course to a height of about 4,000 feet above 
Fort Bridger. Descending upon the other side, a still greater slope, not 
less than 1,000 feet in height, we reached the main stream of Henry's 
Fork, which here runs through a comparatively narrow gorge. It was 
my original intention, after crossing, to push on as far as good forage 
existed, and there leaving the mules in charge of the guide, to proceed 
with Mr. Pntnam to make the ascent of Gilbert's Peak, one of the most 
accessible elevations, with au altitude of 13,250 feet. To accomplish 
this I soon saw was impossible ; for the swollen creek, with its fierce cur- 
rent, was rapidly rising, and we dared not attempt its passage. Indeed, 
we had barely time to kindle a fire and partake of a hasty meal ere 
we were forced to climb the hill by the flooding of the narrow valley. 
Bafded iu our purijose, we could only make up for our disappointment 
by returning by a diflterent route. We retraced our steps, however, 
with little divergence until we reached the valley of West Branch, which 
we crossed, camping near the entrance of the Cascade Creek before 
mentioned. 

Game in great variety is plentiful in this section ; deer, elk, bear, and 
grouse of several kinds being quite common, particularly in the neigh- 
borhood of Burns' Fork, while antelope, and some varieties of grouse, 
frequent the grassy benches nearer the plains. While at this camp a 
large drove of elk came very near to feed upon the rich grassy bottom, 
and all of the game iu this vicinity seemetl remarkably tame. 

June 8. — We crossed the Iot divide to Bog Creek, "following it down 
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uear itsjunctiou witUoueof tlielorkaof Sage Creek, to wliicli I willtefer 
uuder tlie name of Meadow Brook. Bog Creek Valley continued swaintiy 
upou its left bank, widening gradually until we lefbit, when it descended 
more rapidly from 50 to 100 feet intotlie terraced valley of Sage Oreek. 
Crossing the latter, we bore northwest for several milea, gradually veer- 
ing to the north and northeast, crossing benches, descending as by an 
irregular sncceasion of steps, until we reached our camp at Fort Bridget. 
A short distance beyond Sage Creek we came upon a small camp of friend- 
ly Ute Indians returning to their reservation from a visit to Fort Bridget 
tbr trading pnriioses. We found our party in Camp 3, having been 
driven from Camp 1, on lower gronnd, by the overflow of the stream 
doriug our absence. The whole distance traveled iipoii this trip was 
not far from one hundred miles. 

II. — RED CA50X EOAD ALO^■G- DEEP CREEK. 

June 29. — Jnst beyond Camp 15, on Twin Creek, the road forks ; one 
branch, called the lied Canon road, passing by a very steep hill down 
into the narrow valley of Deep Creek, while the other follows a mono- 
clinal valley farther from the mountains, which leads by a more direct 
course to the crossing of the Little PopoAgie near Murphy's Eanch. 
The train took tlie latter route, and 1 followed the former with a small 
escort. Deep Creek flows through a narrow valley or canon, originally 
a monoclinal valley, bounded upon one side by a carboniferous ridge 
with precipitous bluffs of Triassic red sandstone npon the right, prob- 
ably extending upward into conformable beds of Jurassic sandstone of 
a lighter color. The whole valley, for a considerable height, has been 
filled in with red drift material, through which the stream has cut nearly 
to the base, leaving a series of terraces high up on the ridges. The 
name appropriately refers to the manner iu which the present stream 
has cut through its bed ; for in some places the narrow creek runs throngh 
a gorge with almost vertical sides, at least 20 feet in height, making a 
veritable canon in the soft material of the drift, a form of erosion which 
is somewhat peculiar under such clrcuai stances. 

This valley lies very favorably for irrigation, as it receives several 
fine streams from the mountain-side of the canon, where the descent is 
rather gradual. Several flue gardens are here tiUe<l, affording a choice 
and varied snpply of "truck" for consumption at Camp Stamhaugh, 
Miner's Delight, and the settlements in the vicinity of South Pass. Six 
or seven miles below its source, Deep Creek joins the Little PopoAgie, 
almost at a right-angle, jnst beyond the point at which the latter emerges, 
with considerable force, from a grand old canon cut through the lime- 
stone ridge. From this point we followed down the left bank of the 
Little PopoAgie liiver to Murphy's, where the main party joined as, and 
made Camp 10. The valley of the river, as it may be styled, pursues a 
nearly straight course away from the mountains until it reaches a point 
below Murphy's Banch, when it is deflected greatly to the left for some 
distance, cutting diagonally through the next ridge. Tbis, and other 
interesting features of these streams, have a peculiar intei-est to the stu- 
dent of dynamical geology, aud they will be further considered in con- 
nection with that subject in another chapter. 

III. — TRIP TO NUCLEUS OF IVIND RIVER MOUNTAINS FROM CA5IP BROWN. 

July 5-8. — Left Camp 18, at Oamp Brown, with Doctor Parry, Messrs. 
Le Hardy, Putnam, and Jewett, and Somers, my own object being the 
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study of the structure of tlie range at this poiut from nucleus to exti^rior. 
As in all other cases, I give here only the iuciJents and geuerai obser- 
vations of the trip, reserving for future chapters the discussion of geo- 
logical structure and topics of a special nature. At the kind suggestion 
of Doctor Irwin, the much -esteemed and highly-successful Indian agent 
of the eastern Shoshone reservation, we directed our coarse toward a 
prominent land-mark in the nucleus known in the neighborhood as 
Chimney Bock. Passing for five miles over a comparatively level tract, 
with abundant evidence of ancient glacial action, we followed a well-worn 
wood-choppers' road, which led us upward for three-quarters of a mile 
over the regular surface of a ridge of carboniferous limestone with a 
slope of 20°, (1,900 feet to a mile.) From the top of this we descended 
several bunared feet only to climb another ridge of older rocks, aud so 
on, ridge after ridge, until the last (i. e., the earliest formed) exposures 
of the nnchanged sedimentary rocks had been passed, when we struck 
through the metamorphic series, and thence into the granitic nucleus. 
We were fortunate enongh to find our way into a magnificent park, 
which afforded fine pasturage for our mules, which we rode as tar as 
practicable, leaving them at our second camp to make the ascent of 
the ridge on foot. This feat proved much more tedious and difficult than 
we had anticipated, though it was accomplished in a shorter time than 
we bad supposed possible. Mr. Le Hardy and myself left the camp 
toward evening, hoping to reach a point half way up the first ridge 
beforedark; but we were much surprised to find that the distance to the 
summit wasless than estimated from below, sothatwewere able to build 
our signal-fire just at dark, near the edge of the timber-line, at an alti- 
tude of 10,500 feet. The first part of our way lay for a short distance 
through a treacherous bog, partly covered with icy-cold water, which, 
safely crossed, gave place to a long stretch of huge granite bowlders 
irregularly tumbled together, making it necessary to make steps of 
unequal lengths, occasionally leaping, now up, now down, in places where 
a misstep was of serious consequence. Oftentimes it became necessary 
to force our way through dense thickets of small but springy under- 
growth, reminding one strongly of the impenetrable laurel-brakes of the 
Alleghanies. After this experience, the long steep climb, through a 
forest strewn with the dead pine-needles, rendering a sure foot- 
ing all but impossible, was welcomed as a pleasant variety. This 
was succeeded by a long, perilous stretch of melting snow, in huge 
drifts, covering quantities of bowlders, ready at any moment to start 
from their places aud go hurling dowu the almost vertical declivity 
thousands of feet into one of those clear, cold lakes that are to be found 
only in these far-ott' mountain-fastnesses. It was impossible to climb 
directly up this slope, and we were obliged to pursue a long dingoual 
course to the summit. Finally, we passed beyond the snow, continuing 
our course over less dangerous but not less tiresome bowlders, until we 
had reached a point several hundred feet above the tiinber-liue, where 
there grew some small patches of straggling cedars. Here we kindled 
a roaring fire, and spent the night. N^ext morning very early we puslied 
on and succeeded in reaching the " chimney " before the mist had com- 
pletely obscured the surrounding country. The summit of this isolated 
mass of rock can only be reached by climbing in the rear to a narrow 
cavernous opening well toward the top, through which it is necessary 
to crawl, or, more properly, to drag one's self. The front of this is a 
very narrow ledge, more than 500 feet from the debris below, which 
leads to a series of rough, irregular steps by which the top can be 
gained with caution. From this point, 11,853 feet above the level of the 
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sea, we oHained a view of the whole country north ami east of the 
inoniitains for a distance of one hundred and fifty miles. lu front lay 
the Owl Creek Mouotalns, with the "Wind River like a thread between, 
and far in the background the Big Horn range with its prominent peaks 
towering high iu air. To the north the Sierra Shoshoue and the exten- 
sion of the Eoeky Mountain divide appeared to meet, and uo doubt we 
saw many high peaks far beyond, which seemed to form portions of one 
of thesechains. 

The return-trip was but a repetition of the experiences already nar- 
rated, with the addition of much discomfort arisiugfrom the short sup- 
ply of provisions, which gave ont before we started backward. The 
total distance traveled was about thirty-five miles. 

IV. — TO WASHAKIE NEEDLES, SIEEKA SIIOSIIO^'EE. 

Long before reaching the Owl Creek Mountains we had iu view what 
appeared like a double peak lying beyond, and rising much liigher than 
the main crest of that range, and this assumed so much importance in 
the topography and geology of the countiy that a party was organized 
under the direction of Captain Jones for the purpose of visiting it. 
Though one of the most interesting escursions made during the trip, 
there is no call for description here, as it will be given in the general 
report of the expedition. We left Camp 26 on the 18th of July, travel- 
ing in all more than sixty miles, and returning July 20. The peak was 
aseeudecl to a greater or less height by each member of the party, the 
highest point reached being over 12,000 feet above sea-level. The geo- 
logical results of this excursion will be fouud in the recapitulatory chap- 
ter on the general geology of the whole trip. 

v.— TO STEAMBOAT SPUINGS, ON YELLOWSTOKE LAKE, ETC. 

August 6. — Prom Camp 3S, at the outlet of Yellowstone Lake, I weut 
alone to Steamboat Springs, an interesting locality upon the lakesliore, 
about three miles above the mouth of Pelican Creek. In order to make 
much headway Iu this vicinity it is necessarj- to follow, as closely as 
possible, in moat cases, the lake shore or the valleys of the larger 
streams. By crossing the marshy valley of Pelican Creek rather near 
its mouth and crossing a wide belt of fallen timber, I saved two or three 
miles iu the distance by the usual trail, but the time occupied iu reach- 
ing my destination was largely increased. The groups of hot and cold 
springs at Steam Point and in the neighborhood are rather numerous, 
but many of them are very insiguiflcant when compared with those iu 
other localities. Like nearly all of the groups within the Yellowstone 
Park, however, they present iieeuiiar and distinctive features of their 
own. Among these none is more interesting than the Steamboat, the 
noise of which so closely resembles the puffing of a small lake-steamer 
that one involuntarily casts a longing eye over the surface of the water 
in the hope that such is really there. This sound is produced by the 
escape of vapor, under pressure, from a small orifice iu a cavernous 
opening in the rocks. A short distance beyond the vapor issues from a 
kind of cavern near the water's edge, with a seething sound as it comes 
in contact with the waves, and this adds greatly to the effect, simulat- 
ing very closely the escape of waste-steam from a boiler ou a windy 
day. 

My work at the springs was roiupleted by 4 o'clock, when I endeav- 
ored to pass in a straight course to a point on Pelican Creek, several 
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miles above its moutli, but I was so deiayed by the fallen timber that I 
was barely able to reach a favorable campiDg-spot on Balpiiur Pond, 
not more than two miles iu a direct line from Steam Point, before uight 
set in. I selected a delightful place at the edge of a small grove of 
trees near the mouth of the eastern inlet of the pond. My camp was 
upon a well-worn game-trail, which led np a bluff within a few feet of 
the fire. Being mnch fatigued, I turned in early, but, when fairly in a 
doze, I was aroused by the frightened movements of my mule iMcketed 
near by, and I presently heard the doleful howl of a large wolf, which 
was slowly approaching along tJie trail. In anticipation of a trifling 
adventure, I lay down again with my carbine close at hand. It was late 
in the morning when I woke, and all was quiet ; but a little investiga- 
tion showed that the animal had been lying in the grass at the edge of 
the bluff, jnst above my head. Tliis locality seems to be a favorite 
resort of many animals. Our train approached it by following a promi- 
nent game-trail, at least a dozen of which, estending for miles into the 
forest, meet at this point. Upon my first visit to this place, the day 
Itefore the passage of the train, fresh traclis and other unmistaUabie 
signs of their presence were visible. To-day I started numbers of elk 
while passing through the fallen timber, not far from some active 
boiling springs. This is probably explained by the fact that there are 
here a number of cold springs containing sodium chloride, or common 
salt. 

During the night a very heavy mist enveloped the pond like a cloud. 
It was quickly dispelled by the heat of the sun iu the morning, 

Augmt 7, — Followed up the small creek near camp for two miles and 
attempted to cross the divide to Pelican Creek, but I was obliged to 
return nearly to last night's camp, on account of a comparatively narrow 
belt of fallen timber, which baffled my utmost endeavors to pass. 
Nearly the whole of the summit of the ridge was blocked by long wind- 
rows of blasted pines, not infrequently forming impenetrable walls four 
or five feet in height. Reaching the valley of Pelican Creek, I ascended 
the stream for two or three miles, then crossing, returned, taking Hay- 
den's so-called Sulphur Hills and the hot springs of Lower Pelican 
Creek on the way. Arriving at Camp 38, and finding it deserted, I fol- 
lowed the trad to Camp 39, which I reached soon after dark. 



August 1'2. — Discovering, while at Gamp 40, that a necessary portion 
of my outfit had been placed in a caelte at Camp 38 during ray absence, 
I determined to return for it, extending my trip so as to reach the next 
camp of the main party by a circuitous route. With Mr. Creary as an 
assistant, I followed back upon our trail as rapidly as possible to Camp 
38, at the outlet of Yellowstone Lake, securing my goods, and camping 
in a grassy spot upon the bank of the river. As we emerged from the 
timber into the open space abont Camp 39, a badger, ( Taxidea Amerhana 
Waterh,,) unwittingly approached quite near to us, but I did not succeed 
in killing % although I fired twice at it. Abont 1 p. m. we stopped for 
lunch nearly opposite a group of hot springs, about seven miles below 
Yellowstone Lake, upon the west bank of !f eltowstoue River, Here 
Mr. Creary shot with a Colt's revolver a fine male of Erithizon eplvan- 
thiiB Brandt, commonly known as the yellow-haired porcupine, of which 
1 obtained the skull and some of the quills. From the size of the 
testicles, and the presence of a peeuli+r white, soft, wasy secretion on 
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the exterior of tbp uriDary orifice, rs well as the strong skiinky odor of 
tlie animal, I judge tliat it was at the beginniDg of the rutting season. 
It was also remarkably fat. When shot it was lying in the crotch of a 
tree, abont 10 feet above the gronnd. Some of our Indians, who were 
then encamped upon the opposite side of the river, were rejoiced at the 
gift of the offensive carcass; Luisant remarking that it was ^^ Heap good 
eatP 

Augmt 13. — Left camp early, making a short cut through the timber 
to Pelican Creek, which we followed np along the right bank for several 
miles, nntil, when near some hot springs, at the junction of two of 
its forks, we struck a prominent trail, evidently that of Doctor Hay- 
den's party of 1871. This we followed for a number of miles, but left 
it before crossing the divide, choosing another route which led us over 
the ridge in another place. After struggling through much fallen tim- 
ber we again struck the trail ui>on the other slope of the divide, near 
the point at which it makes an abrupt descent to a tributarj- of the East 
Tork of the Yellowstone. From tbe forks of Pelican Creek the trail 
leads rapidly upward, passing a series of cascades with one interesting 
waterfall, the valley for the most part being rather broad and grassy. 
Plentiful tracks of game were noticed, but we saw very little uutil near 
the summit, when we met a large drove of elk and some deer. After 
reaching the south branch of the East Fork, our course lay through a 
belt of fallen timber, all but impassable for some distance, when we suc- 
ceeded in keeping clear of the greatest difficulties by following the most 
open of the very nnmerons game-trails high above the stream. By this 
means, however, we passed unawares the junction of the north and 
south branches, at which point I had proposed to camp for the night. 
It had been raining hard all day, and we camped at dark in the mud 
near a mountain torrent in tbe midst of a dense forest, oar exhausted 
animals refusing to proceed farther. 

August 14. — Continuing our course, four miles of excessively diflienit 
travel through marshes with tangled undergrowth and fallen timber, 
brought ua opposite the mouth of Soda Butte Creek, where we met the 
well-traveled miners' trail leading to the mining district of Clarke's Fork 
of tbe Yellowstone. Beyond this point our ride of nine miles to Camp 
41 was comparatively easy. This we reached at 3 p. m., having traveled, 
since leaving Camp 40, about seventy-five miles. 

VII, — FROM CAMP 41, ON EAST FORK OF YELLOWSTONE, TO GAlIDINElt'S 
EIVER HOT-SPKIKGS, AND RETURN. 

This excursion, though made independently of Captaiu Jones's party , 
was practically over the same ground, and, therefore, requires but little 
attention here. 

August 15, — Left Camp 41, with Mr. Creary, and crossed the bridge 
over the Yellowstone Eiver. At tbe foot of a steep hill, whicb we ascended, 
about a mile beyond the bridge, three tiiir-sized California raccoons 
[Procyon liermandez, AVagler,) crossed onr path. This iieigliborbood 
seems to be well supplied with these animals, as I noticed others at 
points not far distant. We reached the falls upon the East Branch of 
Gardiner's River soon after 1 o'clock. I spent the greater part of the 
afternoon in the examination of the structure between this point and 
the springs, reaching Captain Jones's camp, near the latter, toward 
evening. 

AiiguBt 16. — Spent the whole day in the study of the springs, leaving 
our camp upon the return about 5 p. m. Being very anxious to gain 



Hosted by 



Google 



94 IIKCONNAISSANCE OF NOBTHAVESTEEN WYOMING. 

time, we roile the whole distance back to Camp 41 the Siirae night, reach- 
ing it soon after 11 p, m., being obliged to move npon a walk on account 
of the darkness and the fragile nature of the specimens which I had 
collected. 

Tin. — PK03I CAJIP 42, ON YELLOWSTONE HIVEB, TO HELL-ROARING- 
CREEK, THBSCE BACKWARD TO AMETHYST MOUNTAIN, RETURNING 
TO CAMP 43. 

Aupmt 19. — With Mr. Creary as assistant, I went back from Camp 42, 
crossing East Fork jnst above Camp 41, Here we found a trail which 
led ns, by a very direct course, to Hell-Koaring Creek, one mile above its 
junction with the Yellowstone. On the way we met with several large 
droves of antelopes feeding upon the fine pasturage here afforded with 
much security, owing to the irregular topogi'aphy, which enables them 
to seek immediate shelter upon the approach of danger. At the time of 
our visit the great antelope country along the left bank of East Fork 
was remarkably free from their presence, which may doubtless be ex- 
plained by the recent passage of several parties of miners. Near the 
mouth of Hell-Eoaring Creek we met another raccoon, which quite sav- 
agely resisted an attack until it was forced to beat a hasty retreat. 
After spending the greater portion of the day in the study of the geology 
of this section, we returned to East Fork to camp, reaching a favorable 
spot o]iposite Camp 41 long after dark. 

Avgust 20. — Crossed East Fork, and followed the miners' trail up along 
the left bank of the river to Amethyst Mountain, which we ascended 
nearly to the summit, collecting a number of fine mineral specimens, and 
returning to Camp 42, where we found a small guanl in charge of supplies 
left behind by the train. We proceeded to Tower Creek and spent the 
remainder of the day in its examination, camping iu its caQou for the 
night. 

AwguHt 21. — Left camp quite late in the morning, and followed the 
trail over Mount Washburn to Camp 43, on Cascade Creek, where I 
packed my collections and prepared for au advance moveioeut on the 
tbilowing day. 

IX.— PROM oa:mp 43 via geyser basins to camp 47. 

August 21. — Iu order to gain as much time as possible for investiga- 
tion among the geysers of the headwaters of Madison Eiver, I pushed 
ahead of the train with Mr. Creary, in a drizzling rain, which continued 
with occasional heavy showers throughout the day. Tlie route followed 
was mainly that taken by the train during the following days. Our 
first camp was in the vicinity of a few prominent silica springs or jets, 
near the point chosen by the main party next day as Camp 44. Owing 
to the storm, we did not reach our destination until nearly dark. 

Av^ust 23. — Took notes and collected specimens from the springs, 
starting forward afS a. m. Passed an area of sulphur jets, and soon 
struck the old trail of Captain Barlow, (1871,) leading over the divide 
to a branch of East Fork of Itladison Eiver. We then left the trail, cross- 
ing the stream much above Barlow's Foi-d, and strikiug across the 
country in a nearly direct line to East Fork, crossing the latter twice 
via Barlow's ti'aih After a hasty review of the springs and geysers of 
the East Fork we visited the lower geyser basin of Fire-Hole Eiver, 
camping toward its upper end, near the White Dome Geyser. 

August ^i. — Visited the springs and ^eyser^ not previously examined. 
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About QooQ we hastened by a short cut through the timber to the Upper 
Gayser Basiii, esaminiiig the ioterveiiiug spriugs by the way. (Jain[»6d 
near the lower end of Upper Basin. 

August 25. — Pushed on very early to the upper eud of the basiu, 
leaviug heavy articles near the spot desiguated as Camp 4G. With my 
assistant the whole day was spent in a careful study of the principal 
geysers, until too dart to work. 

Aiyust 26. — Bemained in the Upper Basiu until 5.30 p. m., the train 
having moved on to Camp 47. Eode nntil after dark, when we picked 
onr way for two or three miles on foot, leading car mules until we could 
no longer feel the trail, and were finally compelled to eauip about 9 
miles from Camp 46. 

Atigust 27. — Moved on at daybreak nine miles to Camp 47, reaching 
it just in time for a late breakfast. 

X. — FROJI CAJIP 48 TO 5I0UNT SHERIDAN, THEiNCE TO CAMV 50. 

Od tbistrip Iiuadeoneof asmall party ledbyCaptaiu Jones from Camp 
48, at the southwestern extremity of Yellowstone Lake, to Mount Sheri- 
dan, a prominent elevation near the sources of Snake Eiver. We left 
camp August 29, reaching a camping-spot in the vicinity of some hot 
springs at the base of the mountain, about 3 p. m. The ascent of the 
peak was made by all but myself on the following day. With consid- 
erable difficulty 1 sneceeded in reaching a prominent point, several 
hundred feet below the summit, when I was forced to relinquish an 
attempt which had been made against the advice of my friends, on ac- 
count of previous over-esertion. 

The total distance traveled by myself iu these ten excursions, exclu- 
sive of that portion over the trail of the main party, was very nearly 
four hdiidrod miles. 



CH APTElt II. 
PHYSICAL GEOGRAPHY. 
Geaeral siirfjcs foatares — mounfcaius — plateaus ot tablo-lauds — I'ivoi' aysteuls. 
While it is trne that the examination of the minute topography of a 
country, the contour and forms of relief of its surface, falls somewhat 
out of the domain of the geologist engagetl in the study of the past his- 
tory of the earth, it is evident that a thorough appreciation of the causes 
which have produced the present external configuration of our globe is 
oaly possible after study of the results. Iu other words, we have no 
means of judging of the past except by comparison with the present. It 
becomes necessary, therefore, at the outset, to devote a little space to 
a consideration of some of the results of the action of natural forces over 
the area embracetl by our reconnaissance. Moreover, the physical 
geography of any portion of the earth's surface is closely related to its 
geology, and it is consequently necessary to examine, with some degree 
of care, the external features before proceeding to the investigation of 
internal structure. A full discussion of this subject in all its bearings 
would, however, lead to encroachment upon the field of others engaged 
upon the survey, and it is only intended in this chapter to refer to those 
features which bear more or less directly upon the solution of questions 
concerning the geolo^^y of the district. 



Hosted by 



Google 



9C RECONNAISSANCE OF NORTHWESTERN WYOMING. 

Few Americans at tbe present day are so ignorant of tlie general 
topography of their country as not to know that the approach to the 
central portion of the Eocky Mountain chain from the east is very 
gradual in most places, but it is very doubtful whether this fact is folly 
realized by those who have never visited this region, and yet the 
traveler in the West, unless he be provided with a list of elevations of 
the principal points, would scarcely be prepared to acknowledge that in 
passing westward from Omaha to a distance of five hundred miles Le 
had reached an altitude of 5,000 feet above his starting-point, while 
apparently traversing a level prairie. Southward, along the line of the 
Kansas Paeifle Railroad, the slope is even less, averaging little more 
than eight feet per mile, while northward, near the latitude of Saint 
Paul, Minn., it is not more than two feet to the mile. 

The ridges of the Eoeky Mountain system, considered separately, 
appear to trend quite irregularly, as if all attempts to arrange them into 
a general system would prove futile, but when viewed as parts only of 
a vast whole they are all seen to be subordinate ranges of a great sys- 
tem or chain, with an average northwest-southeast trend. 

The district comprising the field of our labors during the summer of 
1873 is included between the forty-first and forty-fifth parallels, and the 
meridians of X08° 14' west and 111<^ west. The whole of this tract is 
within the limits of tie two counties of Uintah and Sweetwater, in the 
western third of the present Territory of Wyoming. For our puri^se, 
though not strictly correct, on account of the convergence of the merid- 
ians northward, it may be considered in outline a parallelogram with a 
length of two hundred and seventy-eight miles, and a width of one 
hundred and thirty-nine miles. By reference to the topographical map 
it will, then, be seen that the parallel of 43'= north divides this district 
into two equal square^ each containing 19,300 square mile's, the northern 
division containing the bulli of the mountain-masses, while the southern 
square is proportionately free from estreme elevation, being mainly 
occupied by a continuous plateau. Again, if the diagonal from the 
northwest to the southeast corner of the parallelogram be drawn,itwill 
be noticed that the greater portion of the mountainous country lies 
within the limits of the northeastern half. The central meridian of this 
tract (109° 37' west) cuts the northern square into two such halves that 
the western portion contains the bulk of the westward, or Pacific- bound 
waters, and the eastern half contains the greater portion of the Atlantic- 
bound streams within the district, but ea«h half also contains a cer- 
tain amount {about equal in each) of the headwaters of rivers belonging 
to the opposite slope. This latter feature is somewhat remarkable from 
the fiict that it is caused not so much by the distribution of the moun- 
tain-masses, as by the operation of apparently insignificant forces, which 
have produced extraordinary results. In the southern square but a 
small proportion of the precipitated moisture is carried off by way of the 
eastern sh)pe, although less is carried westward than might be imagined 
from the exsimination of an orographical chart of this region. 

ROCKY 3IOCIKTAIN SYSTEM. 

The whole of this district may be said to constitute a portion of the 
great liocky Mountain chain, as generally understood, although, geolog- 
ically, this term cannot properly be applied so loosely, because it would 
imply that over this area all the secondary ranges belong to a single 
system of upheaval ; that is to say, from such a term one might .justly 
iufer that the whole tract was occupied by those mountains only which 
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■were simultaneously elevated, -wliich is nob tLe case. It will, however, 
he convenient to use the name in this sense, and chiefly because the only 
portions of other determined systems which lie within this area are upon 
its borders, autl have not received as much attention as the remaining 
ranges from the members of our survey. The main crest of the Kocky 
Mountain system, strictly speaking, passes tortuously across oar Held, in 
some places so nearly upon a level with the surrounding country that 
its true coarse has only been determined after extended and laborious 
stnfly upon the part of many explorers; at other points rising abruptly 
from the plains to a lofty height, with prominent peaks towering higli 
above the mass of the chain. The eastern slope ia so gradual that the 
irregularities of the crest are rendered much more noticeable than similar 
variations in chains, such as the Appalachian, which rise quite abruptly 
from base to summit, and at the same time these variations are in reality 
more extensive. This is one reason that names of purely local applica- 
tion are so common among the western mountains, being almost neces- 
sary in order to avoid difticulties which would arise from the coufnsioii 
of the main divide with ranges which, though more conspicuous, may 
afterward prove to be sutiordinate to it, or even of another system. A 
glance at any ordinary map of Western North America will show the 
force of these remarks, and their application is |)emaps nowhere more 
manifest than in the section of country now under consideration. 

The Kocky Mountain crest has been traced and mapped with consid- 
erable accuracy throughout the greater part of Its winding course 
through the territory of the United States, from the thirty-fifth to the 
forty-ninth parallel. The general direction of the axis of the chain, 
northward from the thirty-fifth to the forty-first parallel, is nearly north, 
but at this point it bends gradually to the west until South Pass is 
reached, in latitude 42° 25' north, longitude 109° i3' west, when it is 
continued northwest in the Wind River Mountains, beyond which it 
follows a flesuous course, crossing the iorty-ainth parallel ten degrees 
of longitude west of its intersection with tlte thirty-fifth parallel. 

The elevations of passes through the crest vary greatly throughout 
its length ; Vennillion Pass, in British America, having an altitude ol 
less than 5,000 feet, while in Colorado the pass between Gray's and 
Parrj's Peaks is reported by Whitney to be 13,023 feet above sea- 
level, which is higher than any recorded peak of the divide in Wyo- 
ming or Montana. The point of greatest elevation in the Rooky Mount- 
ain crest within the limits of this survey is Fremont's Pfealc, of the Wind 
Eiver Mountains, with an altitude of 13,570 feet. 

OTHER GANGES AND SECONDARY RIDGES. 

The Wahsatch range and the Uintah Mountains belong, geologically 
speaking, to a different period of upheaval to that in which the eastern 
ranges were elevated, a conclusion first adopted by Prof. J. I>. Whitney, 
of the California survey, with respect to the Sierra Nevada range, which 
was synchronously thrown up, and afterward extended to the Wahsatch 
and its parallel ranges with their connected ridges, by Prof. Clarence 
King, in charge of the survey along the line of the fortieth parallel. 
Very little more than the foot-hills or outlying ridges of either the Wah- 
satch or the Uintah ranges lies within the district comprising our field, 
but the relations of both to the geology of this region are so close and 
important that u general review of their features will be useful. 

The Wahsatch Monntaius form the boundary between the so-called 
Great Basin and the basin of the Green River, including the upper por- 
H. Ex. 285 7 
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tioii of the valley of the Colorado, Tlio basin of the Green and Colo- 
rado Eivera is divided into two parts by the prolongation eastward, 
near the forty-first parallel, of the Uintah Mouiitjiins. The upper por- 
tion of this basin {i. e, the portion north of the Uintah Mountains) is 
commonly called the Green River Basin, and the southern portion has 
received the name of Uintah Basin. Rising abrubtlyfrom the plains, 
the Wahsateh Moantains stand out prominently in the topography of 
the country, altbongb their elevation above the Green River Basin ia 
comparatively small in amounts The culmination of the crest is, how- 
ever, south of the forty-first parallel in Central Utah. A iweuliar rug- 
gedness is produced by the deep-cut caEons which abound, not infre- 
quently extending nearly or quite down to the base of the mountains, 
■which is but little above 4,000 feet in many places at the foot of the 
■westera slope. The Union Pacific Railroad in its course through this 
range, along the caiions of Bear and Weber Rivers, nowhere reaches 
an elevation as mnch as 1,750 feet above its crossingof Green River. 

The Uiutahs present much the same general features as the Wahsateh 
Mountains, but with less of ruggedness in outline, owing partly to the 
existence of fewer and less eroded canons, but princij)ally to the trend 
of the range and its consequent structure. It should be explained that 
the Wahsateh chaiir runs north and south with a series of parallel 
ridges separated by synclinal valleys, while the Uintah range trending 
at a riglit angle forms one immense anticlinal extending across a basin 
which sheds Its water southward. This fact, to a student of dynamical 
geology, is alone sufficient to account for a very large portion of the ex- 
isting topography. In the Uintah range there are several peaks with 
elevations above 13,000 feet, and the greater portion of the crest rises 
certainly above 11,000 feet. The altitude given by Clarence King for 
Mounts Hodges and Tohkwano is 13,500 feet, and Gilbert's Peak, 
according to the same authority, has an altitude of 13,250 feet. 

Among the secondary ridges lying directly in onr line of march, the 
Sierra Shoshone and Owl Creek ranges are the most important. 

The Sierra Shoshone in its present aspect can scarcely be termed a 
range of mountains, being more properly an irregular mass of elevated 
territory, longer than broad, with a succession of isolated points appear- 
ing al>ove the general surface in irregular curves. The causes which 
have produced this configuration have operated since the original form- 
ation of a range which is now great^ obscured. Remnants of this 
partly obliterated range are to be seen in some localities, but in most 
places it is entirely concealed by a thick formation of volcanic material 
subsequently deposited. Several imperfect prolongations of the under- 
lying range seem to stretch southward across the upper portion of the 
valley of Wind River, even in one or two instances extending quite to 
the foot-hills of the Wind River Mountains. This subject constitutes, 
however, one of the most important structural problems of the trip, and 
as sneh it will be more fully treated under the head of dynamical geol- 
ogy in the section upon the elevation of mountain-ranges. 

In physical features, there are some points of resemblance between 
this Sierca and the Wahsateh chain, but the comparison must not be 
extended too far, for the similarity is less real than might be imagined 
from the perusal of finely- wrought descriptions of the scenery, which is, 
indeed, impressive and remarkable. A comparison of any well-executed 
map of the region traversed by the Wahsateh chain with the topograph- 
ical map of Captain Jones will render this more evident. Unlike the 
chain of the Wahsateh, the Sierra Shoshone, though not a simple anti- 
clinal, has no prominent series of folds which would cause the caiions to 
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be cut tlirough the mass, more or less, loiigitudiually, but tiie streams 
follow tbe general slope nearly transverse to the length of the Sierra, 
but with a very irregular northward tendency. The whole area is, to 
the last degree, nigged, and scored by nunierons deeply-cut gorges and 
eaiious. 

From the southeastern portion of the area occupied by the Sien-a 
Shoshone the Owl Creek range extends eastward as fai- as the Big Horn 
Kiver. This ridge is mneh less elevated and generally more regular in 
outline than any of the preceding, although it is not nidike tUo Uintahs 
in some respects. The highest point is but little more than 9,000 feet 
above sea-level, while in the Sierra Shoshone many peaks exceed 10,000 
feet, and Washakie Needles, a high point north of the junction with the 
Owl Creek range, attains an altitude greater than 12,000 feet. 

Besides the foregoing there are several other ridges of more or less 
importance which require at least a passing notice. These are : 

1. The T^ton range, a most jagged and apparently inaccessible ridge, 
with a nearly meridional trend, lying in longitude 110° 48' west. This 
culminates in a peak known as the Grand T^ton, which is the highest 
point within the limits of onr parallelogram. Messrs. Langford and 
Stevenson, of the Snake Eiver division of Doctor Hayden's party of 
1872, report that they ascended to the summit, 13,858 feet above the sea. 

2. Tlie Wyoming Mountains, a transverse range, trending latitudi- 
nally almost along the line of the parallel of 43° 30' north, west of the 
main divide of the Eocky Mountains. This ridge is sometimes called 
the Green Eiver Mountains. 

3. The Sweetwater Mountains, lying east of South Pass and trending 
eastward from that point. 

4. t'a.v to the northeast lies tbe Big Horn range, concerning the rela- 
tions of which much too little is known. 

PLAINS, PLATEAUS, OR BLEVATBB TABLE-LANDS. 

The lowest point reached during the trip was not far from 5,000 feet 
aljove sea-level. All that portion of conutry lying between the various 
mountain-ranges, and partaking of the nature of plains, must, therefore, 
be classed under the head of elevated plateaus or table-lands. Of the 
19,300 square miles composing the southern half of the district under 
consideration, more than three-fourths belong to this class. The area of 
plateau -surface within the limits of the northern square will scarcely 
exceed one-third of the entire area of the square. Thus it will be seen 
that the total area of table-land is not more than six-tenths of that of 
the whole district; the remainder beiiig occupied by mountains. 

It will be unnecessary to describe in defail the several divisions of 
the plateau-surface, for they will require attention in various places in 
the following chapters, where their special features can bo more fully 
discussed. Some general remarks in this place will, however, be useful 
to those who may be more particularly interested in the subject of this 
chapter, and it will also be found that some subjects will be explained 
by this means which would otherwise require much useless repetition. 

The table-lands comprised within the limits of this district, excluding 
such as are of small extent or of minor importance, are four, viz : The 
Green Eiver plateau, the Wind River plateau, the section to which I 
shall refer as the Shoshone plateau, and the Park plateau, occupying a 
portion of the Yellowstone Lake Basin. 

The Green Eiver plateau, as here understood, embraces the ellipsoid' 
tract north of the Uintah Mountains, which, under the name of Green 
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Eiver Basin, will be frequently referred to in tliis report, extending from 
the main divide of the Rocky Mountains westward to the AVabsatch 
range and bounded on tbe north, in its northwest corner, by the Wyo- 
ming Mountains. For the purposes of this review, it is convenient to 
take as its eastern boundary that portion of the continental divide be- 
tween South Pass and the latitude of the Uintah Mountains. In reality, 
however, this is a semi-arbitrary line of division, and the separation of 
the Green Eiver Basin from the Laramie plains east of the divide is 
rather geological than otherwise. Accepting this water-slied, then, as 
its limit, the Green River plateau occupies au area of not less than 
16,500 square miles, its greater diameter extending from northwest to 
southeast. Its surface is now very much broken into low buttes and 
benches with intervening vales, so that the elevation varies greatly ; 
but as this oonflguration has been accomplished mainly by the action of 
running water, we need now consider ouly the elevations of the various 
divides between the principal streams. A comparison of these shows 
that the plateau, as a whole, has an average elevation of about 7,000 
feet above the level of the sea, and that there are several points upon 
the plain exceeding in altitude some portions of what is generally con- 
sidered the Rocky Mountain divide. 

The Wind River plateau, as the name indicates, lies upon both sides 
of the Wind Eiver, between the Owl Creek and Wind Eiver Mountain 
ranges, extending as a triangle from below Togwo-te Pass as far as the 
Big Horn Biver, beyond which it passes out of the limits of this sketch. 
Its topography is even more irregular than that of the Green Elver 
-plateau, and though not more than onesixth of the latter in extent, it 
-varies much more in extremes of elevation. It is safe to say, however, 
that tbe average altitude is considerably less than that of the Green 
Eiver Basin. The whole tract lies upon the eastern slope of the Rocky 
Mountain chain. 

The Shoshone plateau, extending east of the Sierra Shoshone and 
north of the Owl Creek Mountains, is irregular in outline as well as in 
its tO[M}graphical features. In general shape it approaches the form of 
a narrow quadrangle, with its length in a north and south direction. 
Its extent beyond the limits of our survey cannot be great, at least 
toward the east. There are several prominent mountain-peaks over 
this district, but aside from these it is probable that the average eleva- 
tion is less than in either of the two cases before mentioned. 

Much of the area withiu the district reserved for the national park 
comes properly under the head of table-lands, and it will be conven- 
ient to describe the whole of such area as the park plateau. This will 
then include all the non-mountainous country comprising the Yellow- 
stone Lake Basin, with the broad valleys of many of the large streams 
connected with or adjacent to it. A. careful description would necessi- 
tate the division of this region into a number of districts, none of 
which wonld be of wide extent, but which differ so greatly in position 
and in altitude that they cannot well be correlated in any but the most 
general manner. The physical features of the Yellowstone Lake Basin 
may be mentioned here, leaving the minor areas to be treated elsewhere 
as occasion may require. To the south and southeast of the Yellowstone 
Ijake the great continental divide, or watershed, is quite low, compared 
■with the surrounding country, in many places, where it must be re- 
garded as forming a part of the plateau which we are now discussing. 
Including this, the lake-basin has an average elevation exceeding by 
several hundred feet that of the Green River Basin. Its area is not 
great, and it diflfers from the three foregoing tracts in the amount of 



Hosted by 



Google 



RECONNAISSANCE OP KORTIIWESTEEN WYOMING. 101 

timber and other vegetation, which is doubtless a result of the more 
abundant supply of water. Its topography is more rouuded aud regu- 
lar than is the case upon the "plains" before allnded to. 

EIVER -SYSTEMS. 

In this rapid review of those physical features of the water-coursea 
of Western Wyoming, upon the cogniz;)nce of which a full understand- 
ing of many points in its geology depends, it will be atlvantageous to 
narrate the facts, as nearly as possible, in their geographical order, that 
they may be the more readily compared with the general topography as 
pi-eviouslj indicated. The whole of the district being highly elevated, 
we shall meet only with the headwaters portion of the great river-sys- 
tems, bat the number of the streams will bo large. 

In the extreme southwestern corner of the Green River plateau, the 
junction of the Wahsatch and Uintah ranges forms a double water- 
shed, which, according to the laws of the composition of forces, causes 
the resultant stream to flow oft' in a direction west of north. At this 
point rises Bear River, which pursues its tortuous course northward be- 
tween the piirallel ridges of the Wahsatch Monntaius, occasionally cut- 
ting through them, until it reaches latitude 42° 42' north, at a point about 
thirty-five miles west of its source, when it turns abruptly southward 
and works its way Out of the range upon the western side to pour its 
contents into the northeastern prolongation of the (ireat Salt Lake, 
known as Bear Elver Bay. East of the main sources of Bear River the 
water-shed from the Wahsatch Mountains is unfelt, and the streams run 
northward, escaping to the plains nearly at right angles to the Uititahs. 
This is notably the case with Black's Fork, which rises well up in the 
Uintah Mountains, and, in a lesser degree with Muddy, Smith's, and 
Cottonwood Forks, which have their sources nearer the plains. East of 
these is Bums' Fork, and other tributaries of Henry's Fork start north- 
ward, but joining Henry's Fork, and finding no immediate escape from 
the mountains, they follow its eaiion eastward, which receives all the 
mountain-streams along its course to the junction with Green River. 
All the streams originating east of the sources of Bear River, upon the 
northern slope of the Uintahs, flow directly or indirectly into Green 
River. The main sources of Green River, Lowever, originate upon the 
southwestern slope of the Wind River Mountains, but it receives im- 
portant tributaries from the east, and several, which come in from the 
west, rise in the outlying ridges of the Wahsatch Mountains, north of 
the Union Pacific Railroad. Tiie main river flows across its basin in a 
general southeastern course. Green River and its tributaries may be 
said to drain the whole of the plateau, for the streams of other systems 
merely catch a portion of the surplus water from the corners, aud, 
although in each case a source of an important river, they do not to a 
great extent determine the main course of their systems. Tliej are, 
however, peculiar and important for some reasons, but it will be unnec- 
essary to dwell upon them now, as they will be more fully treated in 
another chapter. 

Passing to the Wind River plateau, we find that it is almost com- 
pletely drained by the Wind River system, whiclt receives nearly all 
the precipitation between the crests of the Wind River Range and the 
Owl Oreek l^ountains. All the tributaries of Wind River, with their 
affluents, which rise near the nucleus of the Wind River range, emerge 
from the mountains through narrow canons in the outlying ridges, cut 
at rigl>t angles to the axis, or nearly so ; henee it may happen that the 
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separate sources of one of these rivers originate many miles distant from 
eacli other, and flow together from nearly opposite directions, until they 
meet to pass to tlie plains as one stream, by a narrow gateway, as it 
weie. Sear latitude iS'^ north, longitude lOS^SO'west, the Wind Biver 
turns abruptly northward, pursuing a very direct course to its junction 
with the Yellowstone River. Beyond this bend it is known as the Big 
Horn Iliver. Tlie tributaries of the Big Horn which rise in the Sierra 
Shoshone, viz. Owl Greek, Meeyera and Gooseberry Creeks, Grey Bull 
and Stinking Water Elvers, pursue a general easterly course, with a 
northward tendency, the latter increasing and continuing so thatClarke's 
Fork, the main Yellowstone below the lake, the three forks of the Mis- 
lionri, &o., are found to flow almost due north for a considerable dis- 
tance. The sources of the Stinking Water are so far to the west of the 
more southern tributaries of the Big Horn that it drains a very large 
proportion of the whole Sierra Shoshone, its branches extending far to 
the southward of the main head. Still farther to the south, however, this 
range is drained by some of the headwaters of the Snake and Upper 
Yellowstone Eivers, and it is in the vicinity of the point where tbese sev- 
eral streams originate that we have that peculiar water-shed which has 
been not inaptly termed the " Crown of the Contioent." 

The preceding review gives but the bare outlines of the physical geogra- 
phy of a most interesting region, and mauy subjects have been passed 
by without notice, while others bave received but little attention ; but 
enough has been written to make a detailed review of the geological 
structure of the region more comprehensible and valuable than it could 
be without a general knowledge of the facts related in this chapter. 

There are many of the finer features or lineaments of tlie surface, par- 
ticularly in mountainous countries, which are apt to be overlooked or 
lightly treated because of their apparent insignificance : and yet it not 
uufreqnently happens that earefnl scrutiny will prove that they h.ive 
been instrumental in shaping the outlines of avast expanse of territory. 
It would be interesting to review these in a chapter by themselves, 
but it has been thought best to defer special meutiun until they can be 
more carefully noted in connection with the subject of dyiiiimical 
geology. 



CHAPTEE III. 

STRATIGRAPHY— METAMORPHIC AND PALEOZOIC. 



In collating and arranging the results obtained in this department of 
onr subject, it has been deemed advisable to adhere strictly to the plan 
adopted in other portions of the report, and to present topics in chrono- 
logical order rather than in the order of observatii>n. This method will 
eaus(i us to wander from point to point ; but it will prevent much use- 
less repetition, and give something like system to the work, which will 
render it more easy of reference ; and it will also render more permanent 
whatever of value the report may possess. 

As we proceed, it will become more and more evident that the chief 
value of the determinations in this department will depend almost wholly 
npon the relations which are found to exist between the rock-formations 
of this section and those of other parts of the couutrj' and of other 
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coantries ; and particularly will it depend upon their relations to tlie 
formations of neigliboriog districts, 

Fortunately for the writer, the explorations wliicli have been made of 
late years in this region, under the direction of Haydeu, King, aud 
others, have rendered the tracing of the latter class of relationships 
much less difficult and more certaiu than conld have heeu the case under 
less favorable circumstances. Although much yet remains to be done 
in various directions, it is but due to these men that grateful acknowl- 
edgment should be made of the value of the information which has been 
derived from the pemsal of such of their reports as hiive been consulted 
in the preparation of this treatise. 

To show at a glance the proper relations of the geological formations 
of Western Wyoming, the accompanying synoptical table of the deposits 
of the various eijochs has been prepared, giving the formations repre- 
senting them in different parts of the world as they are commonly named, 
in which one column is devoted to the deposits now to be described. 
This table is so arranged that each formation is placed in its proper 
relative position to all the others; at least, so far as it can be done with 
our present knowledge of the strata, and beyond this no explanation of 
its use is necessary. 

METAMOEPHIC ROCKS. 

The question naturally arises, what is the earliest act of which any 
record has been discovered within the territory einbraced by the recon- 
naissance! Such records must evidently be sought iu the lowest rocks 
which are exposed over this area. It is now scarcely doubted that our 
globe bafi passed from a gaseous condition by successive stages to its 
present form. 

Accepting this view, we are prepared to find that many of the rocks 
which were formed during earlier stages of the earth's history have 
been greatly altered since their deposition by the various kinds of action 
to which they have been subjected. Wherever, then, as in some parts 
of the district under consideration, sufficient force has been employed 
to rend apart or wear away the superincumbent strata, but without dis- 
turbing their relative positions, we may expect to meet with exposures 
of the underlying metamorphics. These exist in quantity throughout 
the region of the Rocky Mountains, but they are not well exposed iu 
all of the ranges. In that portion of the TJiutahs visited by the writer, 
they are mostly concealed by the overlying purely sedimentary rocks, 
as they are also in the Owl Creek range, though in the latter one or two 
fair exposures were noticed by Captain Jones from the summit of Phlox 
Mountain. In the Sierra Shoshone, it is almost impossible to determine 
whether the metamorphic series ever came to light ; for, with few excep- 
tions, the whole section is now covered by a formation which has been 
deposited since the elevation of its primary ridges. The Wind River 
Mountains furnish abundant opportunities for the study of these rocks, 
however, and they are extensively exposed in the Wahsatch range, 
according to the reports of Clarence King, Hayden, and other geolo- 
gists. The central portions of the Rocky Mountain system, or, more 
properly, the crests of the Rocky Mountain chain, furnish the best ex- 
posures of these rocks. 

In the Wind River Mountains, as in most other portions of the Rocky 
Mountains, the uucleal rocks occupy an irregularly-exposed belt along 
the axial line of the range. It is at least doubtful whether any true 
igneous rocks are here exposed ; for the gradations between the compact 
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and tlie gneissoid granites, and botween the latter and the gneisses and 
schists, are so close as to point toward the aqueous or sedimentary ori- 
gin of the whole series, At any rate, there can be little question that 
the exposures of purely igneous rocks, if any exist, are of very limited 
extent. It will, therefore, be convenient to consider the whole series as 
composed of metamorphie rocks, although the massive granites are so far 
changed from their original condition as to be structurally inseparable 
from igneous granites by any method of analysis known at present. 

The rock most nearly approaching the igneous is a compact, flue-tex- 
tured granite, containing an abundance of mica, apparently mmcovife, 
with more or less of black Motite distributed through the ma«s ; the lat- 
ter, iu places, becoming so abundant as to give character in color and 
mode of weathering to separate portions of the rock. These granites 
seem to be associated with gneisses and gneissoid granites, varying con- 
siderably in texture and composition ; and these again pass somewhat 
gradually into the metamorphie schists, upon both sides of the anticlinal. 
Beds of quartz and reddish and flesh-colored feldspathic seams are met 
with, and quartz veins traverse the slaty metamorphics^ charged with tbe 
gold which is mined in the neighborhood of South Pass. Some portion 
of these metamorphie rocks contains, besidesthe magnetic iron, (Fes O4,) 
which is abundant, garnets, mostly quite small, but occasionally of fair 
size. These were accidentally discovered in large quantities in the bed 
and alluvial bottom of the Sweetwater Hiver, at Campl3. The feldspar 
seams in this section are mostly filled with nuggets, as it were, of inus- 
covite. The quartz, in many instances, is quite i>ure and white; in 
other cases it is darker colored and frequently contaminated by the 
decomposition of pyrites. 

Beginning below, or at the center of the mountain -nucleus, '^rc have 
then the following succession of the metamorphie rocks ; 

1. Gray and reddish granites, with masses of black interspersed. 

2. Gneissoid granites, passing through granitoid gneiss to — 

3. Gneisses of varying composition and feldspathic seams. 

4. Metamorphie slates and schists, with quartz veins containing gold 
and silver. 

5. Prel'otsdam metamorphics. 

This will serve to show the general character of the series, thongh by 
no means intended as a complete section, which would require much 
more investigation than is possible in a mere reconnaissance. It is not 
improbable that a closer study would reveal many interesting facts iu 
connection with the origin of many of these rocks. Por instance, there 
is some ground for the belief that some apparently local actinolite schists 
and other alliedforms may have originally been the trap-dikes of the early 
sedimentary strata now metamorphosed. Some rocks here classed among 
the metamorphics may be proved more recently trappean, but it is prob- 
able that such cases are very exceptional. 

Other exposures of the metamorphie rocks occur along the route of 
the expedition. The granites appear at the surface over a considerable 
area in the valley of the East Fork of the yellowstone, and in the val- 
ley of the Yellowstone Eiver, between the mouths of East Pork and 
Hell- Roaring Creek. The structure of this section is deserving of close 
attention, tor it cannot fail to add greatly to our knowledge of the dynam- 
ical history of a large portion of the liocky Mountain system. Sorth of 
latitude 43° 45', and west of longitude 109°, every exposure of the deep- 
seated rocks is to be welcomed as an aid iu the solution of difScnlt prob- 
lems connected with the mountain geology, because such exposures over 
a vast territory are rare indeed. There is here, perhaps, some evidence 



Hosted by 



Google 



RECONNAISSANCE OF NORTHWESTERN WYOMING. 105 

that a portion of tlie granites are igueons intrasioas, or, rather, it should 
be said that there is lesa evidence to the contrary ; and yet, npon the 
whole, I am strongly inclined to the opinion that they are no less meta- 
morphic than those of the nucleus of the Wind Eiver Mountains. Here 
we find the same general characteristics, with a similar succession of 
gneissic and schistose rocks, wherever full exposures can be reached. 
There is this difference, however, that not only the overlying metamor- 
phic and sedimentary beds, but the granites themselves, bear traces of 
further change, owing, probably, to the subsequent ejections of molten 
volcanic products, which have flowed over them. This view is partially 
supported by the fact that in this region there occur granites com- 
posed of the same varieties and proportions of mineral ingredients as 
some from the Wind River Mountains, but differing in their arrange- 
ment, and consequently in texture. This feature is also noticeable in 
many of the micaceous sandstones, and in the schists, which have become 
more friable, and, like some of the granites, have the appearance of 
having been burned or baked. Quartz veins of various sizes occur 
in these rocks, and gold has been obtained from some of them in what 
appears to be a continuation northward of this system of ridges- 

Between the Two-Ocean Pass and Tiigwote Pass there are exposures 
of a metamorphic group, which undoubtedly represent the ridge of some 
mountain-range or its spurs, though it is a difficult matter at present to 
define its relations to the main chains; and the same remark will apply 
also to the section just discussed. Here, again, the same conclusioas 
may be drawn from facts quite similar ; and such trifling differences as 
are found to exist between these fbrmations in the two localities may, I 
think, be readily reconciled by referring them wholly to difterences in 
the amonnt of the pre-volcanic erosion. This will be rendered more 
apparent as we pfoceed, as it will be necessary to refer more than once 
to the evident changes in texture whicii have been produced in the rocks 
by the outflow of the later igneous material from volcanoes. 

Age of the metamorpkies. — Sufficient data for determining the exact age 
of this series have not been collected ; nor is it by any means certain 
that this can ever be done. On account of the complete change which 
most of these beds have undergone since their deposition as sediments, 
it is possible that future research can do little more than to extend 
downward the series of rocks of known age by the transfer to it of one 
or two restricted groups from the upper beds of the metamorphic series. 
The structure of the Wind Eiver Mountains is, however, so regular that 
it aftbrds convincing proof of the relative age of such of these beds as 
are exposed in the nucleus of that range, at least in one direction. In 
other words, although it would he unwise to assert that they are identi- 
cal with either the Saint John's, the Hnronian, or the Laurentian sys- 
tem, as elsewhere known, without a wider knowledge of their relations, 
we may confidently afSrm that no portion of the whole series was de- 
posited later than the formation of the Potsdam sandstone in the Rocky 
Mountain region. There is a iiossibility that the comparison of facts 
from a large nnmiier of localities in the West may hereafter lead to some 
very interesting developments concerning these undetermined rocks. 
Certain it is that the succession of the strata throughout the Rocky 
Mountains is remarkably uniform, and a careful examination of the 
metamorphic roclis over an extended area would do much toward un- 
raveling their history. Uniformity of lithological characters over broad 
districts is rare, even when the metamorphosed rocks were originally 
identical in composition, because slight differences in the amount or 
quality of action or resistance may cause great differences in the results. 
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There are some slight reasons for placing a portion of the oldest of 
these rocks in a group nearly equivalent to the Laureutian system of the 
East, but it must be confessed that none of them are based npou much 
better foundation than a certain similarity to that formation in litho- 
logical characteristics. Their position upon the stratigraphic chart is, 
therefore, entirely provisional. 

SILUEIAF SYSTEM. 

As before remai'bed, no proof has been obtained of the existence in 
recognizable form of a set of beds which can be referred to the horizon 
of the Saint John's group of the Canadian geologists ; although it is not 
impossible that some of the upper beds of the metamorphic series may 
be of that age. So far as can be determined from the hasty review 
which is rendered necessary in a simple reconnaissance, there are few, if 
any, indications of un conform ability between any of these lower beds j 
but this is a question which can only be settled after careful examination 
over a wide space. In the valley of a. small branch of Beaver Greek, at 
a point where the overlying sandstones have been cut tlirough, the meta- 
morphic slates appear in such a manner as to suggest uneonformability 
between themselves and the Lower Silurian sandstone, but the exposure 
was so narrow and weather-worn that it was impossible to determine the 
physical relations of the two groups to each other. In most localities, 
the sub-sedimentary beds dip at a much greater angle than the overlying 
rocks, some of the former being very nearly vertical, wliile the adjacent 
strata are much less inclined. This, of itself, is not sufBeient to prove 
the uneonformability of deposition, however. Until we know more of 
the rocks comprising the metamorphic series, this subject of their " lie" 
is of minor importance, though it will be of consequence in determining 
their geological relations. One great difficulty in working out such pro- 
blems in connection with a reconnaissance is that the route of the ex- 
pedition must necessarily lie through the least rugged portions of the 
country, in which the geological structure is frequently obsenred by drift 
and other later formations of mere local extent. 

The Silurian system is represented by several important formations in 
the region of our survey, most of which probably underlie a vast extent 
of country west of the Mississippi, but which are concealed by the more 
recent deposits except in places where they have been brought to light 
by the upheaval of the mountains j and even here they have been again 
largely buried by the accumulations of later formations of non-sedimen- 
tary character. The lowest formation yet recognized is that of the 
widespread — 

POTSDAM SANDSTONE. 

Beds of a reddish sandstone, of varying thickness, with the structural 
and mineralogical characteristics of the Potsdam sandstone east of the 
Missouri River, were noticed some years since by Dr. Hayden at various 
places in the Eocky Mountains, from which a few characteristic fossils 
were obtained in some instances. The first discovery of these remains, 
announced by Meek and Hayden in March, 1858, in a paper read before 
the Philadelphia Academy of Sciences, was made in the region of the 
Black Hills, Wyoming, (then Nebraska.) Subsequently, Dr. Hayden 
reported other fossils, collected in the Big Horn range, near the head 
of Powder Eiver, and in his report for 1870 he mentions the discovery 
of others in this formation near South Pass. On the geological map 
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aceompnuying his report iu coaoection with the expedition of Col. Wm. 
F. Eayiiolda, published in 1869, this formation is represented as an irreg- 
nlar biiiid bounding the nuclei of all the prominent mountain-ranges. 
In the colored map which I have prepared to accompany this report, 
some modiftcations have been mad6 iu the distribntion of these roeks, 
in certain sections, but they are not of sufficient importance to call for 
special notice. Unfortunately, though satisfied of the age of such rooks 
as 1 have referred to this formation by reason of their order of se- 
quence, and their Itthological features, I was unable to obtiiin any fossils 
from any of the exposures along our route. 

Iu the Wind Elver Mountain district, there is a succession of beds of 
a loosely granular, almost Mable sandstone, varying in color from red or 
brown below to white above ; in texture, from a mere loose aggregation 
of the siliceous particles to fairly compact sandstones ; in structure, from 
thiiily-laminated or obliguely-lamiDated to thickly-bedded massive rock. 
The parallelism of these beds with much of the Potsdam sandstone of 
tiie Bast, even to minor peculiarities, is quite remarkable. The follow- 
ing stiitement concerning this formation is taken from the Wisconsin 
Eei>ort, (Hall and Whitney, vol. 1, 1862, page 141,) being a portion of 
Prof. J. D. Whitney's contribution to that work : 

The lower aaudatone occupies the same position as the Potsdam sandstone of the 
Hew York geological siitvej, and is the exact equivalent of it. As developed in the 
Northwest, and especially in the State of Wisconsin, where it occupioH a large extent 
of sarfiice, it is made np of an almost chemically pure siliceous sand, in minute grains, 
hardly lai^er than a pin's bead, whioh are held togetlier by the minutest possible 
quantity of a oaloareous or ferrnglnoas cement. Frequently even this small quantity 
of cement ing-inaterial is wanting, so that the rook can be readily crumbled between 
the fiugera, like a crystalline granular sugar. Where the ferruginons material, which 
is the peroxide of iron, becomes more abnndant, so as to form 2 or 3 per cent, of the 
mass, the sandstone acquire a dark-brown color, and frequently affords a solid and 
durable building-stone. 

This description will apply to the rocks of this group along the east- 
ern slope of the Wind Eiver Mountains. In the same relative position 
to the metamorphic rocks, there occurs, in the valley of Lava Creek, 
along the western base of the Sierra Shoshone, a thick formation, com- 
posed mainly of a compact red sandstone, almost a quartzite, portions of 
it being entirely made up of coarse grains of bright quartz, with quite 
small quartz pebbles distributed irregularly through the mass. Hay- 
den also mentions a similar outcrop east of South Pass; and other 
exposures of apparently the same group as that on Lava Creek are 
referred to by Hayden and Bradley in the report of the Department of 
the Interior survey of 1872. The rock seen upon the right banlt of 
Lava Creek is very hard, but it has the appearance before noticed of a 
partially-metamorphosed sediment, as if it had been modified by the out- 
flow of the eruptive material, which has largely covered this section, 
and its imperfect jointing and consequent mode of weathering have 
probably been induced by the same cause. 

Other geologists have described beds of this formation in other sec- 
tions, and their remarks will often be found to apply almost equally as 
well to the exposures along our route. Emmons and the Canadian 
geologists, as well as Hall, Owen, and others, allude to peculiarities of 
this sandstone and its associated rocks, which are strikingly repeated 
iu the Eocky Mountain region. Among these may be mentioned the 
peculiar lamination of some of the harder brown beds, which contain 
a considerable quantity of the ferric oxide cement. A short distance 
beyond Miners' Delight, the present wagon-road from Camp Stambamgh 
to Camp Brown passes through a hollow, upon the edge of which the 



Hosted by 



Google 



108 EECONNAISSAKCE OF KORTIIWESTEBN WYOMING!. 

reddish-lirowa beds are exposed and weathered in such a manner as to 
present something of the ap[>earauce of crowded shelves in tiers. This 
is roughly represented in Pig. 1, wliich is a diagrammatic section in the 
direction of the strike of tlie rocks. 



lig. 1 —Style of weathering of cliffs of Postdam sandatone, Wind Eivev Mount- 
ains, near Miuers' Delight. Tiie Jioes all represent the uneroded portiona ; the spaces 
between repreBcnting the eroded portions. A portion of one stratum only is shown, 
hence there are no lines of tedding. 

This form of weathering is doubtless owing partly to variations in 
the texture of the rock, which have produced the lamination or alterna- 
tion of the fine and coarse materials, but, also, to other peculiarities 
induced by the erosive agencies. 

The greatest thickness of the Potsdam sandstone over the area 
described is about 200 feet, in the region of the Wind Kiver Mountains. 
All the beds bear evidence of deposition in shallow seas, or upon 
beaches or sand' flats. 

QUEBEC GROUP. 

Above the Potsdam sandstone in some sections, and probably in most 
places directly superimposed, occurs a set of beds which, for reasons 
that will presently be given, are referred to the horizon of the Canadian 
Upper Calciferous strata, known as the Quebec Group. As exposed 
along the eastern flank of the Wind River Mountains, these beds differ 
widely from the underlying sandstone-formation, and they furnish 
abundant proof of the deepening of the sea over the area in which they 
were deposited. Their distribution is not yet fully detennined ; but 
some interesting hints in this connection may, if they have been cor- 
rectly interpreted, go to show that, though a wide-spread formation, it 
extends less regularly over the country than most of the beds below 
and above It. This conelnsion cannot be considered final until the 
numerous missing links in the chain of the western geological history 
have been supplied by the more careful surveys of the future. The facts 
upon which it ia based are briefly these : The geology of the eastern 
portions of the Eocky Mountain region has been traced over an extended 
space from north to south without the discovery of important exposures 
of this group of strata, which fact, to one acquainted with the differ- 
ences of weathering between most sandstones and limestones, seems 
remarkable if such strata exist. Again, Hayden, after several good 
opportunities of observation, has expressed the opinion that no strata 
between those of Potsdam and Carboniferous age occur along the east- 
era slope of the Wind Eiver range. This, as we shall see, is certainly 
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nn error, bat it was based upon an cxaminatioc of well-exposed sections 
at each end of the range, and there are soiue indications of the thiiniiug- 
out of the Calciferoas beds in the neighboihood of South Pass, which 
would partly justify his opinion. West of the Eoeky MoimtJiin divide, 
beds of the age of the Quebec group have been observed by both 
Hayden and Bradley ; but-, aa is the case in several places on our trail, 
the supposed Potsdamis also to be seen immediately overlaid by rocks 
of more recent date. 

The best exposure of these rotks wh'th wis reached during our trip, 
and, in fact, the onlj one tiom wh cl the mvn facts were gathered, is 
situated near the cei ti il i ortion ot the W ud Eiver Monntains, a little 




south of west from Camp Brown. The. connection with the rocks below 
is entirely obscured by heavy drift- deposits, as will be seen from the 
accompanying section taken at a point where the overlying beds have 
been worn away, (see Fig. 2.) The thickness of the exposed Quebec 
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limestones is about 200 feet, which will constitute two-tbirds of its 
whole amouDt, if it he tme, as snpposed, that there is only a thiclinesa 
of 200 feet of Potsdam sandstone between this formation and the meta- 
morphie series, but which is not exposed in this section. 

This supposition is not of much vaUie, for th^re is no means of deter- 
mining from this section the nature of the 300 feet whicti is covered by 
drift. One thin^, however, is certain : there is nowhere in the Wind 
Eiver range such a development of this formation as is reported by 
Bradley from several localities fartlier west, unless it be in a very 
restricted section. 

The rock varies somewhat in composition and textnre, but in general 
it may be described as a ferrouamagnesian, or dolomitic, limestone with 
an oolitic strncture, although large portions of it are not oolitic. In 
some of the layers there is a considerable amount of siliceous material 
intermixed with the calcareous, and occasionallj" there is a bed which 
might better be called a calcareous sand-rock. Local bands or streaks 
of ferruginous shale are common, in some instances almost constituting 
separate layers, but generally irregularly dispersed through the lime- 
stones. 

The greater part of the silioa, which is contained in the dolomitic 
limestones, is eseeetlingly flue, but there is scattered through the rock 
a small amount of what appears to be the minute fragments of some 
silicates of black and orange-red colors. Occasional globular masses of 
pyrites [Fe Sj) are found distributed through the oolite, and " drusy" 
cavities lined with rhombohedral crystals of oaleite are very common. 
Many of the fossils seem to be connected with the mineralization of the 
rock by the introduction of special ingredients in the place, of their 
component minerals. The change of the calcic carbonate of the shells 
to dolomite, and the alteration of other shells into ferric oxide, or the 
filling of their cavities with the same mineral, are of common occurrence, 
and in some layers a species of Theca (?) is now almost invariably largely 
composed of a green mineral resembling glauconite, (silicate of iron.) 

Organic contents. — The beds of the Quebec group in this region con- 
tain an abundance of fossil remains of a Lower Silurian cast, such as 
would require for iheir existeuce the conditions under which these beds 
were formed, viz, a comparatively clear sea, not necessarily of extreme 
depth, nor free from occasional slight turbidity, but highly charged with 
calcareous matter. As a rule, these fossils are quite badly broken, 
although the fragments are remarkablj' well preserved with few excep- 
tions. In the oolite they are apt to be less broken than in the other 
limestones. From the few specimens collected I have been ableto iden- 
tify a trilobitfi of the genus I}ieeUocephalii8, several specimens of Ortkis- 
tritonia (?) and a quantity of a species of Theca (f). Fragments of other 
fossils are present, some of which could, doubtless, be identified, with 
more careful study and comparison with better-pi'eserved remains, but 
this has been impossible under existing circumstances. 

NIAGARA LIMESTONE. 

Until the time of the present reconnaissance, all of the rocks of Silu- 
rian age north of South Pass, and east of the main crest of the Eocky 
Mountains, were referred to the epoch of the Potsdam sandstone. Hay- 
den discovered evidences of the existence of strata of Upper Silurian age 
near South Pass ns early as 18C0, but he did not meet with any indications 
of their presence elsewhere in the Wind River Mountains. The trip to 
Chimney Rock, made by the writer from Camp Brown, which is mentioned 
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in Chapter I, proved very fortuuate, as it resulted iu tlie discovery of sev- 
eral important groups of strata not heretofore suspected in that region. 
The junction of the Quebec group with tbe underlying formatiou is still 
unsettled; but very near the section shown in Fig. 2 its connection with 
the formation above is rendered plain by an espoanre, which shows the 
two groups in contact. Fig. 3 is a section illustrating the prominent 
facts as there exhibited. 

Several other outcrops of asimilar limestone along our trail have been 
referred provisionally to this formation on account of their relative 
position to other beds. Near the summit of the Owl Greek range, where 




of tlie Niagara aud Quebec formatio 



■we crossed it, there is an exposure of compact crystalline limestone, 
overlying a tbinly-bedded shaly rock, which does not- greatly resemble 
the limestones of the Quebec group lithologically, but which may be of 
the same age, though there are, perhaps, better grounds for considering 
it of later date. There are several exposures of thick limestone forma- 
tions in the valley of the East Fork of the Yellowstone which have 
yielded no paleontological evidence of their true horizon ; but, as they 
appear to lie not far above the metamorphic series, it seems more 
likely that they were deposited during the Niagara period than that 
they'are of Carboniferous age, the rocks of which in this region they 
do not so closely resemble. 

On Lava Creek, a locality before mentioned, the red sandstone which 
I have referred to the Potsdam epoch is directly overlaid by limestones, 
the upper portions of which are probably of Upper Silurian age, being 
very similar in many respects to the fossiliferous Niagara beds of the 
Wind Eiver range. This opinion is strengthened by the discovery of a 
co-incident arrangement of strata in the neighborhood of the Teton 
range, forty miles west of this point, by Prof. Frank H. Bradley, geol- 
ogist of the Snake Eiver division of Doctor Hayden's expedition of 
1872. 

The lithological characters of this formation are very similar to those 
of some of the more eastern rocks of the same age. It is possible that a 
ttew beds of an arenaceous nature will eventually be included in the 
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group, but, so far as its limits Iiave been determined over the area 
which we are discussing, it is entirely made up of a compact cherty doio- 
mite of a color varying from white to gray or light-drab. Some portions 
of it are inclined to weather brownish-yellow, but much of it only 
assumes a darker gray color upon exposure to atmospheric agencies. 
Large masses of the dolomite frequently weather iuto turreted or csistel- 
lated forms, and sometimes huge blocks are left standing by themselves 
or tumbled down steep declivities into the ravines. Oaverns of various 
sizes are also not scarce, affording iine shelter even for quite large ani- 
mals. 

Beautiful siliceous cryst-als are abundant in the rock in "drusy" cavi- 
ties, many of them being highly ferruginous, while others are opalescent, 
and some are concretionary, with an agate structure. Portions of the 
rock are also traversed by thin veins of chalcedony, interlacing and 
studded with minute and brilliant crystals of quartz. An occasional 
fossil is almost completely transformed by this process. Nodules or 
flakes of kornstone are also found sometimes approaching in color the 
earnelian. 

Organic contents. — Unfortunately, some of the most characteristic fos- 
sils belonging to the rocks of the Niagara period are not sufBciently char- 
acteristic of a single formation to enable one to refer the beds containing 
them to their exact horizon. A cursory glance at the specimens collected 
in 1873 might cause considerable doubt whether these beds would not be 
as appropriately regarded as synchronous with the Clinton limestones 
of the East, but a more careful review of all the evidence shows that the 
afflntties are largely in the direction of the more recent limestone of the 
Niagara epoch. In the interior basin, in the valley of the Mississippi, 
where the limestoiie-beds are more extensive than a't points farther east, 
the lithological features, the mode of weathering, and other character- 
istics of the Niagara limestone strikingly resemble the peculiarities 
which have just been described. But the comparison does not end here, 
for the character of the fossils also points to the more recent date of this 
formation in the Eocky Mountain region. 

Perhaps tlie most common organic remains are those of the well- 
known Malpsites catetiulatus, Linn., or "chain-iioral," which can be ob- 
tained in quite large masses. Other corals, of the genera Cyathophyl- 
Iwn and Zaphrentin, are not rare in the lower beds, and a brachiopod, 
poorly preserved, resembling a cast of the interior of Pentamerus {gal- 
eatm f) was collected, besides one specimen of an Ortkoceras. 

The fossils, with the exception of the brachioporls, are usually siliei- 
fied and very well preserved ; but they are difficult to collect on account 
of the extreme hardness of the rock. 

ABSESCE OF THE BEVOSIAN SYSTEM. 

Overlying the Niagara dolomite there is a series of beds which are 
mostly areuaceous, but which promise to prove of much geologic inter- 
est when they shall have received their due share of attention at the 
hands of those who will not be obliged to merely " skim" the country. 
In a paper published in the American Journal of Science, (vol. vi, De- 
cember, 1873,) I have too hastily referred certain of these arenaceous 
strata in tlie Wind Eiver Mountains to the Oriskany Period of the De- 
vonian age. Prof, James Hall, of Albany, N. Y., who has since kindly 
examined two specimens obtained from this locality, writes that one 
proves to be identical with Spiri/erina pulclira. Meek, a form originally 
described from Nevada; while, concerning the other, he remarks, 
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" Strange as it may appear, I am unable to refer it to any other than 
Spirifer cameratm, from tlie oniinary forms of which it differs consider- 
ably. The characters of the specimen are certainly obscure, anfl the 
determination may admit of doubt; but • • * i should give it the 
relations I have indicated, and, if not Sp. cameratus, it ia to me unlvnown 
at the present time." It is probable, therefore, that tlie Devonian sys- 
tem is not represented by any considerable formation in this section of 
the West, although there is a wide field for research here; and, if this 
view be correct, the development of the Upper Carboniferous is quite 
remarkable, 

CARBONIFEROUS SYSTEM. 

Above the Niagara limestone, there is a well-developed and wide- 
ly-distributed formation, which was early referred to the Garbonit- 
erous system. Beds of this age are quite generally exposed all along 
the flanks of the principal ranges of the Eocky Mountain chain, and 
occasional exposures of beds, which are usually considered synchronous 
with them, occur in many places west of the main crest, where it is often 
difficult to determine their relations to the adjacent rocks. Recent dis- 
coveries have made it doubtful whether such reference lias not too often 
been based upon the previous supposition that there were no beds in 
this regioTi between the Potsdam sandstone and the Carboniferous 
rocks, so that it is possible that some outcrops of an earlier date have 
been inadvertently reported as of Carboniferous age. 

SUBOAKBONIPBRUUS ?? ? LIJIESTONE, 

The limestones of the Carboniferous age, flanking the ranges of the 
Eocky Mountain system, witlione or two exceptions, have been generally 
regarded as of the horizon of some portion of the Carboniferous period, 
(the terms a^e and period being technically employed here.) In another 
place,* the writer has expressed the opinion that this formation, as 
exposed in a portion of the Wind River Mountains, nortli of South 
Pass, is of Subcarboniferous age. That statement was made from a 
review of the notes taken in the field, without the opportunity of further 
examination of the specimens collected, and it is now so far modified 
as to be less confidently expressed, for reasons which will presently 
appear. 

The rock in question (the arenaceous beds before mentioned being 
excluded from the present review) is a bluish-gray dolomitic limestone, 
quite compact and thickly bedded, with numerous crystalline facets and 
geodes of calc-spar, besides occasional miimte crystals of some foreign 
minerals. Some beds which seem to belong to this age are exposed in 
the canon of the North Fork of the Stiukingwater River, showing, in an 
interesting manner, the effects produced by the molten volcanic outflows, 
portions of which have passed in between the upturned layers, trans- 
tbrming the sedimentary rocks into forms with peculiar characters. 

Organic contents. — Much of this limestone is quite fossiliferous, but 
there is so little difterence in. the mineral composition of the rock and its 
contained remains that it is often difficult to procure specimens which 
can be readily identified, and this difficulty is not lessened by the irreg- 
ular manner in which the fossils are crowded together. Several re- 
corded specimens, containing remains from a favorable locality, have been 

*Iu a paper " Ou the Geology of Westeni Wyomiu^," by Tbeo. B. Corastook, pub- 
lished ill the American Journal of Seieuee and Arts, vol. vi, Deoemljer, 1873. 
H. Ex. 265 S 
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lost, SO that tlie material oo hand for final determination is far from 
complete. Among the missing were a crinoid of the genus Poteriocri- 
nus f and two or tbree specimens of Litkostrotion, as recorded in the field- 
notes. If my determinations of the remaining forms are correct, this 
limestone also contains S^rifer bipKcatiis, and a clionetes closely allied to 
C. i^ariolata. 

By some this might be deemed snffieieiit ground fur the omission of 
the interrogation-marks after the word Subcarbouiferous at the head of 
this section, but in view of the novelty of such a designation, as well 
as the donbt, which must be confessed, as to the validity of all the 
determinations, it is best that it should stand as it is. 

There is also another reason for doubt. It is known that limestones 
of the age of the (Joal-Measures occupy the position of this formation 
over a very large area in the mountainous rea^ion of the West, and it is 
difficult to imagine such a state of things as would have been necessary 
for the deposition of a restricted Bubcarboniferous group immediately 
followed by a period in which the absence of any deposition was geo- 
graphically identical, without some marked evidence being visible in 
the arrangement of the strata. So far as Itnown^at present, there is no 
ground for the belief that there is any break of this kind structurally, 
unless it be that an observed change in the character of some of the 
(jarboniferous beds in the Big Horn range, reported by Hayden, may 
indicate a difference in horizon. As the subject now stands, it would 
be unwise to press too strongly an opinion of the Sub carboniferous age 
of this group; and it will be beat to regard the whole series as Upper 
Carboniferous, according to previous authorities, until the matter can 
receive more thorough investigation. 

CAEBONIFEEOUS LIMESTOKE. 

Jfear the head of Wind Kiver, overlying conformably the Snbcarbon- 
iferous ? limestone, there is a thick formation of arenaceous and calca- 
reous beds underneath the brick-red sandstones usually regarded as 
Triassic. Toward the baseof the group, from a non-homogeiieous dark- 
gray limestone, I obtained a portion of a tooth of Psaminodiis, and shells 
undetermined, which have led me to place it in the Carboniferous group 
or Coal-Measnres. The rock resembles limestones of this horizon in 
Illinois and Indiana. This was met upon the return trip, '^d no oppor- 
tunity afterward occurred for reaching another exposn-^ Its reference 
must, therefore, be regarded as provisional. If the limestone referred 
doubtfully to the Subcarboniferous be really the equivalent of Hayden's 
Carboniferous east of our district, this formation would seem to occupy 
the position of his Permian. The determination of the Carboniferous 
eastward rests on such good authority as Prof. P. B. ileek, and cannot 
be questioned without better evidence thau I can offer. These difflcul- 
tieg can readily be settled by those who may hereafter have owjasion to 
work in this region, by the collection of more material from each for- 
mation. 

The sandstones and arenaceous limestones before meutioued, from 
which the supposed Spirifer cameratus was obtained, underlie beds which 
are apparently continuous with those which have been referred very 
doubtfully to the Subcarboniferous period, which feet adds another 
element of uncertainty to the determination. Accepting, therefore, the 
opinion of previous explorers, the thickness of the Carboniferous lime- 
stones, the equivalent of the Upper Coal-Measures of the Eastern 
United States, is not less than 2,000 feet (probably much more) in the 
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Wind River Mouataiiis. The entire absence of coal and the prevalence 
of calcareous strata, as well as the widespread distribution of tlie forma- 
tion, all point to tlie existence of an extensive sea of considerable 
depth during the i>eriod of their formation ; and no evidence lias thus 
far been collected of a shore-line in any part of this region during the 
era in question. The upper limestones are massive and very compact, 
forming prominent ridges, with even, well-worn slopes, while the under- 
lying strata are more thinly bedded, being usually less calcareous. 

Organic contents. — Besides those already mentioned, no fossils have 
been identified. Bnt few opportunities occurred of obtaining a good 
supply, and the general toughness of the roclis renders it difticiilt to 
procure them in excellent condition. As a rule, they arc much crowded, 
and poorly preserved also. 

OBSERVATIONS ON THE PALEOZOIC STRATA. 

There is yet too much to be learned concerning the geology of our 
district to make any but the most broiwi generalizations useful, but the 
results of this exi>edition, in a geological way at least, will prove barren 
indeed if they do not furnish future explorers with a few hints of some 
of the unsolved problems yet remaining, that they may know where to 
seek for new facts for tbeir elucidation. 

It has been already remarked that the Potsdam sandstone and the 
Carboniferous limestone are widespread formations in the region of the 
Eocky Mountains, and that over the greater portion of the area east of 
the main divide these two formations have heretofore been reported in 
contact. Knowing now that several other formations intervene in cer- 
tain sections, it is natural to seek a reason for their apparently local 
distribution. Two or three explanations are suggested by the facts as 
far as they have been gathered. First, it will be noticed that few com- 
petent geologists have traversed this region, even in such a manner as 
to collect all tlie data necessary for the mere tracing of the prominent 
outcrops of the successive formations, and none have been able to 
obtain more than a bare outline of the geological structure of any 
portion. It seldom happens in a reconnaissance — and territorial surveys 
are usually nothing more — that one can obtain information to any ex- 
tent at a distance from the trail of the expedition; and the route pur- 
sued must of necessity be mostly away from the rugged country, making 
it impossible to reach the most instructive sections in all eases. Thus 
it may have happened that many exposores of the Quebec and 
Niagara strata have been entirely overlooked. This supposition, how- 
ever, to one who has engaged in western field-work, will have little 
weight, and the wiser conclusion will be that such strata do not exist 
where they have not been reported, except it may be in small patches. 
But there is another question which is not so easily decided. Did these 
formations once spread over this whole area, or were they deposited in 
patches as we suppose them to exist at present? An examination of 
the limestones and their fossils shows that they were deposited in saline- 
waters of considerable depth and extent, as a sea or ocean. Moreover, 
during the Quebec epoch the shore need not have been very far distant 
from the present position of the Wind River Mountains. A compari- 
son of the statements concerning that group in this chapter with the 
reports of Hayden and Bradley shows that this formation rapidly 
thickens westward, while there is no doubt that it thins out southward 
and eastward, so that it is very thin, if not entirely absent, ill' the vicin- 
ity of Miner's Delight. The same features are noticeable With the 
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Niagara dolomite, whieli, as before stated, probably extends farther 
eastward tban the Quebec group. 

If this idea be correct — and it seems well supported — there was an 
ancient shore-Uue dunng the deposition of the Quebec and Niagara 
groups, of uncertain trend, but a portion of which lay near the longi- 
tude of South Pass. This opens a new field for research in this region, 
one which will doubtless add much to the great mass of facts which are 
now helping on the settlement of the theories of mountain elevation, 
and it also suggests the possibility that the history of the far-past in 
the West is not as simple as many have believed. 



CHAPTER IV. 

STRATIGRAPHY, CONTINUED— ME SOZ QIC AND TERTIARY. 

Triassic system — Jiii'assic — Cretaeeoua ; 
for 

We have seen that over much of the region north and west of South 
Pass the earlier Paleozoic rocks were deposited in a sea at first shallow, 
but somewhat gradually deepening until toward the close of the epoch 
of the Niagara dolomite, when comparatively shallow seas were the 
rule. During a considerable portion of the Devonian and' Carboniferous 
ages, it is probable that dry land existed over at least a portion of this 
^region ; and east of the Big Horn Eiver, it would seem that,during much of 
the era between the deposition of the Potsdam sandstone and the Carbon- 
iferous beds, thfe land was not covered by the sea. However this may have 
■been, there is abundant proof that tbe barrier was overflowed at least 
.as early iis the close of the Carboniferous age, since which time the 
^geological history of the whole area has been essentially the same, 
.generally s[)eaking. 

TRIASSIC SYSTEM. 

Directly overlying the limestone.s of Carboniferous age a thick series 
of biick-red sandstones forms one of the most peculiar and couspicnons 
features of Eocky Mountain geology. In most places where these beds 
are well exposed they stand out prominently by themselves, their sepa- 
ration from the underlying hard limestones being extremely distinct, on 
account of the great difference in the texture of the formations and the 
consequent greater erosion of the so-called Triassic strata. The brick- 
red sandstones are generally considered Triassic, though full proof of 
their age cannot be said to have been obtained. Notwithstanding the 
fact that these beds are among the best exj)08ed of any of the western 
formations, less is probably known of their true relations than of those 
of all the others, except the metamorphic series. 

Frequent exposures of the red sandstones occur over our district, 
but often the forces which have operated to bring them to light have 
also aided in again obscuring their structure. The most shnple outcrop, 
not complicated by folds or subsequent deposits, is to be seen in the 
canon of Deep Greek, at the base of the Wind River Mountains. Figure 
i is intended to represent a section across this caiion at a right angle to 
the axis of the range, but it also includes a portion of the exposures 
upon each side as they are seen along the banks of the Little Poiw- 
A^e Eiver. 
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Some outcrops in deeply-eroded vales in the Owl Creek range are 
quite similar, bat many of tlie finest exposures are in eroded folds, 
several of which occur in tbe Wind 
River Valley, between the two mount- 
ain-ranges. In these, tbe dip of 
the red beds is often very great. 
Kipple-marks, and other evidences 
of deposition in shallow water, 
abound in most of the sti"ata. 

The rock Appears to vary but little 
over broad areas, though occasional 
beds of a dift'ereut nature from that ^ 
of the red sandstones bave been 5 
observed. Besides tbe ferric oxide, * 
to which tbe color is mainly due, I 
much of the rock cotitaius a consid ^ 
erable quantity of iron in spots scat - 
tered through the interior likefossils, = 
but showing no structural markings | 
Manyofthelayersaretairlycompact, | ■_ 
aiid being traversed by a double sys a !■ 
temofregularjointa, theybreakinto ^ ? 
blocks of a forjn and size suitable ior gi r 
building-purposes. Large quantities f 
of bedded gypsum occur, apparently ° K 
iuterstratified between the layers ot ^/ 
the sandstone in many places. A |, 
shortdistancebelowCamp Brown on pj 
the Little Wind Kiver, this is quite 1 , 
abundant, and it bids f^ir to become g 
of much economic importance in the 2 
future. Attbebeadof LakeI'ork,in = 
tbe caiion, there are also extensive -■ 
oat<'-rops of this mineral, which are ? 
very accessible. The greater part is 
probably In the form of saccbaroidal 
orcompiiet alabaster, but some por- 
tions closely resemble in properties 
the finer varieties of anhydrite, and it 
is not impossible that other portions, 
in places where the rocks have been 
folded, may prove valuable as a par- 
tial substitute for marble, as is the 
case with the vulpanite of Northern Italy, 
anhydrite has been broken into quite small i>locks by the heat accom- 
panying the uplift. Some extensive beds of seleiiite were also observed- 
Beds of limonite, some of which appeared to be of the argillaceous vari- 
ety known as yellow ocber, were noticed in the outlying ridges south 
of the Owl-Creek range, a portion of wliich may be of Triassic age. 

Above the brick-red beds two or three hundred feet of lighter-colored 
sandstones, containing less ferric oxide, lie beneath arenaceous lime- 
stone-beds, affording a transitional series between the so-called Triassic 
beds aud the succeeding strata of undoubted Jurassic age. 

Organic contents, — The rocks of this age in Northwestern Wyoming are 
as barren in the evidences of life as the Potsdam sandstone, and it is 
seldom that one is so fortunate as to collect any fossils from them, 
except when making a specialty of their study. None were obtained by 
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tte writer in 1873, hence uo new facta were elicited couceruing tlie age 
of tliia formatioii. There can be uo cloobt that it is okler tlian the Fos- 
sUifei'ous-jurassic of tliis section, for it is iuvariiibly fountl beneath it 
wherever both are exposed, but; its limits cannot at present be clearly 
deiined, although it is nudonbtedlj- Post-Oarboniferons, for it has been 
reported in some sections as lying nnconfonnably upon beds which have 
been referred, witVi good reason, to the Permian period. 

JUEASSIO SYSTEM. 

"Wherever good sections can be reached, the brick-red and buEfcol- 
ored sandstones, which constitute the provisional Triassic system, are 
almost always found covered by the Jurassic limestones, a group which 
attains a thickness of nearlj- 1,000 feet in some localities. Many fine 
outcrops of these strata are to ba seen in the Wiud-Biver country, par- 
ticularly in the neighborhood of the mountains, upon both sides of the 
plateau. The first exposures upon the northeastern slope of the Wind 
River Mountains are in the main as simple as on the Little PopoAgie 
near Eed CaTiou, (see Fig. i), where there are no complications in the 
way of folds, and the structure is not obscured by accumulations of drift 
or otlier material. Passing across the plateau several prominent folds 
have 80 tilted the strata that the Junissie beds outcrop at different 
angles to the horizon, but frequently dipping almost vertically, in which 
case the harder layers jut above the softer intermediate beds, often to 
a height of many feet, stretching like so many irregular walls across the 
country. The formation is very widespread, its distribution in the 
Rocky Mountain region being nearlj- identical with the supposed Trias- 
sic, at least so far as our district is concerned. West of the main divide, 
on our route, no exposures were observed of rocks, which can with cer- 
tainty be referred either to the Jurassic or the Triassic, but the existence 
of the former in that section has been proved by the explorations of 
Haydeii and Bradley, who have obtained characteristic fossils of this 
group from localities comparatively near. 

The formation as a whole might be characterized as one of impare 
limestones, the nature of the fossils, as well as the composition of most 
of the strata, indicating that the beds were deposited during an epoch 
of marine subsidence in comparatively shallow water. The beds com- 
posing the walls, before mentioned as occurring in certain sections, are 
generally quite hard and compact, but they ate not remarkably homo- 
geneous. The proiwrtion of ailica is always large, seldom exti-emely 
fine, but often quite coarse. In the more calcareous strata, containing 
fossils, alumina seems to be present only in small quantity when com- 
pared with the amount which is contained in less arenaceous rocks of 
earlier date. The fossiUferous limestones are dolomitio and often some- 
what ferruginous. Crystals of calctte and dolomite are very commonly 
distributed through all the rocks, and much of the maguesian lime- 
stone is traversed by numerous very thin joints, filled with veins of 
caldte. 

The prevailing color of the rocks is a dull leaden or ashy gray, weath- 
ering from darker gray to brown and dark brown. Occasional beds of 
quite pure yellowish-white limestone are seen, also yellow and brown 
arenaceous limestones. It is probable, also, that this formation in the 
neighborhood of the Owl-Creek range, upon its southern tlank, includes 
some valuable iron-ore beds ; but, as before remarked, they cannot be 
properly placed until the boundary between the Triassic and the Jurassic 
shall be more definitely fixed, and" this cannot well be accomplished until 
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more complete paleontologiciil eviileuce lias been collected from tlie 
lower series of areDaceons beds. 

Organic contents, — Characteristic Jurassic fossils have beeu more 
tliaii once collected from the region of the Rocky Mountains, and the 
aanouncement of those collected from the Wind Eiver Valley by Dr. 
Hayden, while acting as the geologist of Captain Kaynolda' expedition, 
was made as early as 1861. These remains present strong resemblances 
to many of the species which characterize the lower strata of the 
Jurassic system in Europe. A good supply was collected from the 
various exposures seen upon the trip of 1873, but inopportune circum- 
stances have made it absolutely impossible to work them up with auy 
degree of care, so that it must be acknowledged that there are a number 
of forms which have not been made out which it is believed will add some 
new members to the list of the characteristic organic remains of the 
American Jurassic. Enough has, however, been learned to determine 
the age of the containing beds, without a doubt, for their separation 
from the overlying group is very distinct, strati graphically and paleon- 
tologically, as has been well remarked by Meek and Hayden. 

Among the forms which are most readily recognizable, thereis a 
species of Qryphaea, bearing some resemblance to the Enropeau Liassic 
G. Areuata, Lam., but perhaps nearer G. Calceola, Quenstedt, {which I 
have not seeu represented.) Fairly preserved specimens of Monotis 
<;urta(^) were obtained, besides a few of a species of Rkyncliomlla, spcc- 
imeusofthegenera impiMia (brevirostra'^)Modiola, etc., and two upeei- 
mens of Belemnites, near B. densus. 

CEETACEOUS A?JD TERTIARY SYSTEMS. 

Perhaps thereis no question of greater interest couuected with western 
geology, uor one which has attracted more attention of late years, than 
the determination of the upper limit of the Cretaceous deposits. The 
beds of this age are usually fouad to be so distinct from the Jurassic 
strata that it is seldom very difficult to define the boundary between 
these two formations, but there is an important group lying between the 
known Cretaceous and the undoubted Tertiary rocks, the age of which 
has uot yet beeu conclusively settled. Some geologists, with much ap- 
parent reason, are disposed to regard the majoiity of these intermediate 
beds as Tertiary, while perhaps a larger number are of the opinion that 
the weight of evidence thus tar obtained places them more properly within 
the limits of the Cretaceous system, and not a few, taking a middle view, 
favor the idea that they are largely transitional in character. The oppor- 
tunities afforded tor the collection of facts bearing directly upon this 
question were not many daring our trip, as the route followed was not 
such as to offer good outcrops of the beds under discussion. No oppor- 
tunity has since occurred for the elaboration of any of the material 
which might throw light upon the subject, aud it will therefore be 
necessary in this place to pass it by with much less notice than it deserves. 
Leaving the matter for some farther consideration at the close of the 
chapter we will now proceed to a review of the Cretaceous beds, as far as 
full evidence exists of their true age. 

CRETACEOUS STRATA. 

As a rule, the Jurassic beds are conformably overlaid by the members 

of the Cretaceous series, and the distribution of both formations is, in 
the main, identical east of the Wahsatch chain, although the Cretaceous 
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system is made up of several more local groups. Iq the Wiud River 
Valley the beds overb-ing the Jurassic strata are exposed iu much the 
same itiauoer, but there are fewer good oiitcrops, owing to the more 
extensive coveriugof the Cretaceous by the Tertiary rocks, iu the neigh- 
borhood of t^lie Wind Eiver Mouutalus, and to the greater erosion of the 
Cretaceous beds when they occur in the uncovered folds, North of the 
Owl Creek rauge it is probable that these strata are favorably exposed 
for study over a wide district, but in many places they have been so 
much folded and eroded that their stratigraphical relations to the adja- 
cent formations cannot be satisfactorily worked out in a single trip 
across the country. SufScient eviilence was obtained, however, to show 
that there is no want of conformity between the Jurassic and the Cre- 
taceous within a considerable distance of our trail. About half-way 
between PaciHc Creek and Lava Creek the trail crosses the deep gorge 
of a small stream, where some of the Cretatw^ous beds are to be seen dip- 
ping southwest 67^, and in the canon of Buffalo Fork, just below Camp 
50, sijnilar beds, with additional members, are found dipping iu the oppo- 
site dii'ection 89°. Between these points no Cretaceous exposures were 
noticed, but, judging from the dips of the lower sedimeutary strata, 
which were observed on Lara Creek between Camps 55 and 5C, tliere 
must be one or more folds intervening. 

The lithological characters of the iucluded members are almost aa 
variable as possible, with intimate mixturesof arenaceous, argillaceous, 
and calcareous ingredients, in different proportions. There are very 
few beds of limestone, and such are always very thin, but there are some 
shaly layers, and even occasional beds of clay, though the formation, as 
a whole, would best be designated as an argillo-arenac«ous group. 
Some of the shales, as well as many of the sandstones, are highly feii'ugi- 
nous, while other layers are quite free from the presence of iron. Much of 
the ferric oxide can be traced directly to the plant-remains which abound 
in parts of the group, but a large portion is undoubtedly due to the decom- 
lioaition of pyrites. Passing up through a thick series of strata, with 
the arenaceous material somewhat gradually increasing iu proportion, 
several beds of lignite, or impure bituminous coal, are reached, which 
are well exposed fur working iu many places. Moi"e will be said of their 
economic value in another chapter, but it may be mentioned here that the 
beds are of c<insiderable thickness, and that they contain much sulphur 
aud ferric oxide, besides a notable qiiantity of gypsum, all resulting very 
laigely from the decomposition of iron pyrites, which is abundant iu 
the coal. Beautiful grains or drops of amber, usually not larger than a 
l)ea, are also rather common, and, rarely, a short piece of the stem of a 
plant, several inches in circumference, will be found so completely car- 
bonized as to approach somewhat closely to anthracite. These lignite 
beds are usually separated by several feet of soft sandstone, frequently 
of a yellow color, and they are directly underlaid by a peculiar har- 
dened clay, or soft, clayey shale, to which it is, as it wei'c, cemented, the 
lignite becoming browner below, aud ruuning into the shale almost 
gradually. 

Three of these coaly layers are exposed upon the northeastern flank 
of the Wind Biver Mouutains, and what appear to be the same beds 
can be traced by numerous exposures across the countrj' to the southern 
flank of the Owl Creek range, while, perhaps, similar outcrops over the 
area beyond, as far as the Stinking Water Canon, North Fork, may not 
-be improperly refeiTed to the same horizon. There is more or less of 
variation in character and quality over this district. 
These lower liguitiferous seams ate generally included in the Creta- 
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ceons groups by tliose who have studied them, whatever may he their 
viewa concerning the age of the doubtful beds which occur higher in 
the series ; and this conclusion seems snpported by the paleontological 
evidence. In the Wind River region, as well as over the district tra- 
versed in 1S73, north of the Owl Creek range and east of the Sierra 
Shoshone, the great bulk of the Cretaceous tbrmation appears to lie 
below the lignite beds, and it is supposable that the whole group, as 
there exposed, was deposited before the changes took place wliieh 
resulted iu the deposition of the strata of doubtful age. 

Organic contents. — It will be impossible now to give even the genera 
of the distinctively Cretaceous fossils, but this lack will be less felt from 
the fact that Hayden long ago gathered evidence that the Wind River 
Valley deposits underlying the horizontal Tertiary strata are mainly of 
Cretaceous age. The remains of marine life are of Cretaceous types, and 
there is, as yet, little or uo evidence of a great thickness of uncertain beds 
of brackish or fresh water origin. Still it must be confessed that this 
formation has been, at the best, but hastily examined, and changes in 
the character of the beds above appear to begin toward the head of 
Wind Eiver, and to increase in importance westward. Near Gray Bull 
River some interesting plant-remains, mostly leaves of angiosperms, 
were obtained, and some very flue leaves in shale were obtained near 
the top of the section exposed upon the left bank of the eailon of North 
Fork of Owl Creek. The latter resemble so closely iu character and 
position, and in the nature of the rock, some very good specimens col- 
lected ill a bluff upon the left bank of Wind Eiver, a short distance 
below Camp 58, that there can be little doubt that they are from the 
same horizon. In both cases I am disposed to regard them as Creta- 
ceous, though the dip of the beds is much less than that of many of the 
underlying rocks. At any rate, .the overlying Tertiary beds in the 
Wind River Valley are horizontal, or nearly so, and unconformable to 
these beds, while it is impossible to draw a similar line of nuconforma- 
bility between any two of the lower formations, although some of the 
beds dip much more than the plant-layers. The same relative arrange- 
ment of the principal formations was also observed north of the Owl 
Creek Mountains, where there are variatious in degree but not in the 
order of superposition. 

The outcrop before mentioued, which is exposed in the canon of 
Euftalo Fork, affords a tine section of arenaceous and carbonaceous 
strata, with abundant remains of plant and animal life, which seem to 
bear affinities to Cretaceous types. These will be more fully discussed 
in connection with the remarks upou the age of the doubtful lignite 
group. 

TERTIARY DEPOSITS. 

Passing over the debatable ground for the present, we find that snfii- 
cient land had appeared above the sea at the close of the era of the 
lignite deposition for the existence of extensive fresh-water lakes over 
much of the Rocky Mountain region. Some of the lake-basins far ex- 
ceeded in area the largest of modern depressions containing fresh water, 
and iu them were deposited immense quantities of the detritus brought 
iu by the streams from the surrounding country. This process in some 
places continued until the sedimentary material had accnmulated in the 
bottom of the lakes to a thickness of hundreds, and even thousands, 
of feet. The important chapters of the earth's history, in which the 
records of these events are minutely recorded and profusely illustrated, 
might have remained a sealed volume had not the later history of our 
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globe required for ita records the waste of what had been built up during 
the long Tertiary x)criod. As It is, the draining of most of the old Ter- 
tiary lake-basins has been accompanied with erosion upon a scale so 
vast that it is often possible to obtain a nearly complete section of these 
enormous accumulations by merely passing across the basin in which 
they were deposited. A very few years since it was scarcely believed 
that the Tertiary deposits of our country were capable of yielding as 
rich a harv^est as had been reaped from beds of this age in Europe, bnt 
it is now ascertained that they are not surpassed in interest or pros- 
pective importance by any known group of strata in the world. To 
one at all familiar with the general geology of the United States it is 
only necessary to mention the names of Newberry, Lesquereux, Marsh, 
Leidy, Cope, and Meek to call to mind the rich results already obtained 
by the oaretul study of specimens collected from this horizon in the 
West. One of the most remarkable sections, the favorite field of several 
of the most experienced collectors, is situated in a portion of the terri- 
tory embraced by our reconnaissance, and it therefore claims a share of 
our attention. 

The greater portion of the Green River Basin, (as defined in Chapter 
II,) is now occnpied by fresh-water deposits of the Tertiary period. A 
section of these beds from top to bottom will, however, include a con- 
siderable thickness of the lignite formatioo. Excluding this from the 
review, we sliall have to consider here only that part of the series which 
is exposed in the vicinity of the road traveled between the Uiutah 
Mountains and South Pass. 

EOCENE STRATA. 

In view of the discrepancies found to exist between supposed syn- 
chronous strata in different parts of the world, the plao of employing 
local names to designate the various epochs and periods represented 
in the United States, has wisely been adopted by field geologists. 
Strangely enough, however, the evident advantages arising from this 
method when applied to the Paleozoic rocks have been overlooked in 
the classification of the later formations, so that our Tertiary nomen- 
clature is now encumbered with terms which are even less appropriate 
than would be the names, " Lingula Flags," " Llandeilo Flags," and 
"Wenlock Beds," applied to American Silurian strata of the same ad- 
judged horizons. The terms Eocene, Miocene, and Pliocene, are partic- 
ularly objectionable in American geology, and it must be distinctly 
understood that they have no more literal significance at preseut in 
the West than does the term Triassic when applied to the formation 
sneceeding the Permian. 

There has been some doubt concerning the proper disposition of the 
beds overlying the lignite or coal group, which were refepred to the 
Middle Tertiary (Miocene) by Hayden in his report for the year 1870. 
This reference was largely based upon the supposd Eocene age of the 
coal formation of the Ureen Elver Basin. Dr. Newberry, after exam- 
ining a very few of the fossil plants from neiir Green River station, 
remarked that they hinted of an earlier period than the Lower Miocene. 
Professor Cope pronounced the age of the Green River fishes to be 
more likely Eocene, and during the same year (1870) that Hayden 
crossed tlie basin, Prof. O. C. Marsh determined to his own satisfaction 
that some still higher beds are Eocene, since which time he has two or 
three times visited the locality (Grizzly Buttes) and obtained more 
evidence. Professors Leidy and Cope, who have also collected and de- 
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scribed numerous vertebrate remains from tbis section, regard tbem as 
Eocene. Tlie weight of autliority thus seems to favor their reference 
to tlie Lower Tertiary. My own conclusions, somewhat tardily adopted^ 
were partially formed iu tbe field, but have not heretofore been advo- 
cated for want of decisive proof. I can now express more confidently 
the opinion that these beds are of Eocene or Lower Tertiary age, 
although the paleontological evidence which I have collected is less 
satisfuctory on account of the fresh-water type of. the invertebrate 
rernains, than would be the case were there more vertebrate forms. 
The collections have not yet been carefully examined, and it is there- 
fore impossible to speak of them in detail. 

Hayden has provisionally dirided the. beds comprising this remark- 
able formation into two groups, which may be conveniently recognized 
in the present state of our knowledge concerning thein, though no 
definite line of separation can be drawn between them. 

GEEES" lUYER GEOUr.— (Lower? Eocene.) 

This name is at present used to designate that portion of the fresh- 
water Tertiary strata whioh lies directly above the coal group, and which 
is the present surface formation over a large portion of the Green River 
Basin north of Fort Bridger. If it be true that the coal-beds are of 
Eocene age, this group holds a position which will entitle it to be ranked 
as Middle Eocene, but if, as many believe, the former group be really 
Cretaceous, these beds may be considered Lower Eocene, there being in 
this case no Middle Eocene, unless it shall be found that the whole series 
is made up of three well-marked groups, which does not now seem 
probable, to say the least. 

The upper limit of the Green Eivcr group is not readily definable at 
present, the transition between the bedsof this and the overlying group 
being rather gradual, but the general character of the two formations, 
both lithologically and paleontologicalty, differs greatly. The Green 
River beds are mainly composed of a series of shales, marls, and harder 
calcareous strata, the latter, especially, containing (|uautities of the 
remains of fresh-water forms of life, with laminated layers literally 
filled with the remains of land-plants of the Phtenogamous series. The 
famous "petrifled-flsh beds," so well exposed near Green River station, 
Union Pacific Ejiilroad, belong to this group. 

The outline of the ancient lake-basin in which these strata were 
deposited is not fully determined, but there are indications that its east- 
ern boundary was outside of the presentlimitsof the Green River Basin, 
and there is no room for doubt that the Uintah Mountains and the 
Wahsatch chain then, as now, towered above its surface. Northward it 
is equally clear that the Wind River range formed the shore of the 
great lake, with probably more or less of gently sloping border daring 
a portion of the era of Lower Eocene deposition. This formation is now 
exposed over our route fiom Fort Bridger to near South Pass, the ex- 
cessive erosion over this area causing the rocks to be laid bare in 
most places, so as to afford favorable opportunities for study, but they 
do not yield as plentifully the interesting remains which are character- 
istic of these beds in the neighborhood of Green River Oity, though it 
is highly probable that rich harvests will hereafter be reaped by col- 
lectors who may be able to examine the outcrops with some degree of 
thoroughness. 

Generally speaking, the rock contains a considerable portion of calcic 
carbonate, with an abundance of ferric oxide produced by decomposition 
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and oxidation, ©ypswm jind caleite of difterent varieties are abundant, 
frequently occurring as thin, papery seaTiis betweea the rock-layers, at 
other times forming masses of considerable extent. These features are 
scarcely as characteristic of this formation, however, as of the Bridger 
group. Some of the layers are little more than a pnre clay shale, while 
there are a few quite arenaceous beds and some compact limestones. 
The mineral peculiarities are so generally the result of chemical and 
other changes in the rocks of a secondary nature, that they will be 
more properly considered in that part of the report which treats of the 
action of atmospheric agencies, under the general head of dynamical 
geology. The texture of the difl'erent beds is quite variable, bnt, in 
general, the streams which have cut their channels through them are 
walled by nearly vertical cliffs, and the buttes and benches for the most 
part have (jnite predpitous sides. Numerous joints occur in many of 
the strata, particularly in the more compact kinds, and fine examples of 
concretionary structure or weathering are not rare. The tendency of 
the thick beds of marly sandstone on the banks of Green Eiver, at the 
crossing, to weather spheroidally is very uoticeable, and this is repeated 
in various degrees in the argillaceous and calcareous rocks as well. 

Organic contents. — In the absence of adequate knowledge of the affin- 
ities of the fossil- plants collected, it is impossible to state with certainty 
their bearing upon the age t)f the beds now under consideration. Indeed, 
after the abundant material of this nature which has passed through 
the hands of Dr. Newberry and Professor Lesquereux, it is scarcely 
probable that the meager collections made by myself in 1873 will furnish 
cause for the changing of opinions so strongly held by these vegetable- 
paleontologists. Some remarks regarding the manner of occurrence of 
these remains will, neverthele^, not bo out of place. The finest speci- 
mens were obtained from an exposure in a bluff just below the stage- 
station at First Crossing, Big Sandy, on the left bank of the river, near 
the top of the bluff. A few good specimens were obtained from a clift 
apon the left bank of G-reen Eiver, about one mile and a half below the 
crossing at Eobinson's Ferry. Outcrops of plaut-beds at other localities 
were not rare, but the remains were seldom as well preserved as in these 
places. The rock containing these is usually a very fine-grained white 
or yellowish shale, often moje or leas ferruginous. The leaves, the most 
conaraon form in which the relics exist, are mostly spread out smoothly, 
giving most perfect impressions of the ribs and veins, making their 
identification a matter of comparatively little difficulty. In some places 
the plant-layers are composed of comminuted fragments of leaves and 
other vegetable matter crowded together in an indefinable mass, and 
again mere bits of water-worn pieces were scattered thinly over the 
shale, seldom sufficiently distinct for determination, while even more 
frequently the shales are traversed by irony streaks of ferric oxide, with- 
out a trace of the original vegetable tissue. 

The animal remains gathered during the summer of 1873 are mostly 
well preserved, consisting mainly of Lamellibranchs and Gasteropods, 
of the genera Unio,Oorbicula? Melama,Tioipar as, and Tarritella? with 
possibly others, including, perhaps, some undeseribed specific forms. In 
a bluff on the right bank of Ham's Fork, less than half a mile below the 
old toll-bridge at the main crossing, a bed remarkably rich in Unio, as- 
sociated with immense quantities of Viviparm, occurs, half way to the 
top, directly above the stream. Directly opposite Camp 3, on Muddy 
Fork, a few feet above the water, there is a bed almost completely made 
up of Gast«ropods — Melanin, Vivipara, and TurriteUa f This is but a 
few rods north of the Union Pacific Kailroad, A somewhat similar 
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Gasteropod bed underlies a tLiouer layer, apparently almost wliolly 
made up of Vypris remains, which is exposed on the left bank of Black's 
Fork, a few rods below the lower bridge across that stream at Fort 
Bridger. This exposure is near the point at which the telegraph-liue to 
Carter crosses the creek. Back in the cliffs, ontbe right bank of Greeu 
Eirer, nearly south from Camp 6, (three miles above Eobiuson's Ferry,) in 
a tliiu calcareous shale partially saturated with petroleum, I obtained a 
single specimen of the vertebra of a fish. TLis bed is probably of the 
same horizon as the petroleum beds not far from Green Eiver station. 

In the present state of geological science, there are few who will not 
acknowledge that vertebrate remains are a better criterion of the age 
of a formation than fresh-water molluscs, or the leaves of plants. No 
one doubts that the beds of the Green Eiver group are Tertiary; and 
more recent beds, witli abundant remains of the higher vertebrates, 
being referred to the Eocene by the best authorities, it will be seen that 
the reference of the Greeu Eiver strata to the Lower or Middle Eocene 
is tolerably well founded. This classification receives additional sup- 
port from the statement of Prof. E. D. Cope, before given, conceru- 
ingthe affluities of the fossil Jisbes collected from this tonnation near 
Green Eiver City. 

Beidgeb Group. — (Upper Eocene.) 

The beds overlying those of the Green Eiver group are closely related 
to them in age, for the. transition from one to the other is not abrupt, 
whether we regard th^lr structure or their contents. All who have liad 
occasion to study the features of botli groups, in the field or the closet, 
have agreed in this, that they have regarded them as representatives of 
a single Tertiary epoch, the point of controversy being oidy the question 
whether they together represent the Eocene or the JUioceue era. After 
all, it will he found that the whole diftleulty originated mainly in the 
donlit concerning the true age of the coal group beneath, the settle- 
ment of which seems jnst now to be the chief desideratum of American 
geology, Hayden provisionally referrecl the Bridger gToup to the period 
of the Upper Miocene, which must have been proper had the Green 
Eiver group proven to be of Lower Miocene age, as he at first anpi)oaed. 
Those who hold to the Eocene age of the lower strata will, therefore, 
also be unanimous in the avowal of the Upper Eocene age of the mem- 
bers of the Bridger group. 

This fonnation is exposed at the surface over a considerable extent of 
country, northward and eastward from Fort Bridger as Jar as Little 
Sandy Eiver and beyond, forming the top layers of numerous isolated 
huttes. Along our route they are nearly horizontal or dip very slightly. 
Perhaps the most instructive section observed on the trip, south of 
Sonth Pass, is in the vicinity of the Uintah Mountains, where the beds 
of the Bridger group may be seeii in their connection with the tilted 
strata of earlier date. Figured gives a general view of the structure 
of the country lying between Fort Bridger and the Uintah Mountains 
although it does not strictly represent a section iu a direct line between 
the post and Gilbert's Peak, but, more properly, it is a representation 
of the principal facts with the surface features exaggerated, but mainly 
correct, as far as the canon of Henry's Pork. Gilbert's Peak is then 
included to show its geological relations, although it is really ont of the 
line of the section, 

During the epoch of the Bridger group, it is probable that the land 
was covered with fresh water in a lake as large as iu the previous era. 
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if not more extensive. It may have been tbat the nortlieru shore was 
farther south tlian during the time wheu the Greeu River beds were de- 
", but the mere fact that few of the Bridger strata now cover the 
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ttuderljiug group north of Ihe Little Sandy, on onr road, does not 
afford sufficient proof of this. Tliere is, doubtless, much yet to be 
learned from the fiekl study of that section of the Green River Basin. 
as yet auexplored geologically, which lies north of the forty-second 
parallel and west of longitude IWS)'^ SC It may, however, be safely 
stated that the lake of this epoch did not extend across the divide of 
the Wind River Mountains. There is also no doubt that the Uintah 
Mountains formed a portion of the southern boundary, though Profes- 
sor Slai-sh disuovered evidence of a synchronous basin south of this 
range, which, having been much lower, may have received the outflow 
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from the ancient Bridger Lake, though he remarks tliat the outlet was 
not through the present chanuel of Green River. If the Washakie 
group of Hayden, east of the present eontinental divide, be syncliron- 
ona, and cotttinuom with the Bridger group, the eastern boundary of 
the basin in which both were accumulated was far outside of tlie pres- 
ent Green Kiver Basin, but this supposition is little more than a sur- 
mise thus far. The western limit could not have been beyond the 
"Wahsatch higher ridges, for reasons which will be obvious to those 
who read the remarks uiwn the age of that chain, in the section treat- 
ing of the subject of the elevation of mountains. 

The beds of the Bridger group, as a whole, are readily distinguisha- 
ble from those of the Greeu River group, being mainly composed of dull- 
colored indurated clays, and arenaceous layers of considerable thick. 
ness, the latter usually brownish, or dull yellow or gray, often with more 
or less of a concretionary structure. The clays are generally compacted, 
but they become disintegrated upon exposure to the atmosphere, and 
readily yield to the eroding forces. Some thinner layers of more calca- 
reous material, with siliceous seams often affording interesting concre- 
tions, are interspersed, bat they are rather exceptional than otherwise. 
These two groups of strata may also be readily distinguished wherever 
seen by the great difterence in the effects produced by erosion in each 
case. As before remarked it is the tendency of the beds of the lower 
series to present nearly vertical clifts, so that the general impression 
received in passing across the section in which they compose the surface 
formatiOD is that of traveling over an ordinary plain with occasional 
descents by a succession of terraces to the narrow valleys of the streams ; 
on the contrary, the topography of the country wherever the Green liiver 
beds are concealed or only occasionally capped by the members of the 
Bridger group, is very irregular, often simulating that peculiar aspect 
which has received the appropriate name of "bad lands" in other 
regions. In some places at a distance from the mountains, as in the 
neighborhood of Church Buttes, and between that point and Bryan 
along the Union Pacific Eailroad, the beds of this formation have been 
so eroded without complete denudation, that they now stand out in 
buttes by themselves, often with some slight resemblance to rude archi- 
tectural forms. The now famous "Grizzly Buttes" southeast of Fort 
Bridger belong to the Bridger group, and iu that section the same essen- 
tial features are observable, but the buttes are much more crowded, and 
seldom so completely isolated as are those farther northward. This 
intensely interesting subject will receive more attention in another chap- 
ter. {See Erosion.) 

The mineral characteristics of these Upper Eocene beds are generally 
similar to those of the uower group, but they are exhibited upon a mutdi 
larger scale, which may no doubt be mostly accounted for iu the more 
extensive erosion to which the Bridger group has been subjected, es- 
pecially as there are numerous indications of changes of a secondary 
nature. The subject can be more appropriately discussed beyond, (see 
Chemical Geology,) but a brief review of the more common mineral forms 
will be now given. Gypsum, in the forms of selenite, satin-spar, and, 
more rarely, as alabaster, is very common. One of the most striking 
features of many of the butt«s is the silvery, glistening appearance which 
they present in the clear light of the sun, giving them at a little dis- 
tance a very pleasing aspect. Closer investigation shows that this is 
produced by the reflection from enormous quantities of bits of selenite 
which lie strewn over the surface of the slopes. When-found in situ it 
usually occurs in thin layers between more extensive beds of other ma- 



Hosted by 



Google 



128 RECONNAISSANCE OF NOETHWESTEEN WYOMING. 

terial, or in masses, the fibrous forms not nnfrequeiitly being rather geo- 
diferous in their formation. Joints and planes of loose laiuination ars 
commonly 0Ued with selenite, or even with gypsum in the form of small 
crystals, which are often ferruginous, or coated with ferric oxide. Cnlcite 
is abundant in several crystalline varieties, or calc-spar, also in other iuter- 
estiug forms, oecurriiigiti similar manaers to the gypsum, of which it occa- 
sionally appears to boa pseudomorph. The presence of iron in coiisiiler- 
able quantity is shown by the reddish color imparted to many of the rocks 
upou weathering, also by the accnnmlations of ferric oxide in the crev- 
ices, and in connection with imperfect orgauic impressioua. Pyrites is 
probably commonly distributed, though scarcely ever obtained in dis- 
tinct crystals. Silica, ia its remarkable development in these rocks, 
constitutes one of the most interesting subjects which claim the atten- 
tion of the chemical geologist in this section. Saline efiflorescence, and 
the connectiou of the so-called " alkali " deposits witli much of Ithe his- 
tory of the region, are topics which naturally fall withiu the Imits of 
another portion of this report, where they will be farther treated. 

Organic contents. — The scientific public, at least, are already familiar 
with the great results which have accrued from the studies made by our 
vertebrate-paleontologists of the remains which have been obtained in 
such great abundance from the beds of the Bridger group, more espe- 
cially from the vicinity of the Grizzly Buttes. The organic remains which 
I have myself obtained from these strata are not numerous, but they 
were obtained from new localities, as a rule, and may embrace one or 
two new specific forms, though this is quite doubtful. From a ruggedly 
weathered exposui-e of loosely compacted sandstones and conjglomerates, 
with some harder beds of white and slightly red sandstones, half a mile 
northeast of (lamp U), on Little Bandy River, some poorly preserved 
specimens of gasteropods {Melania?) were collected, with numerous 
small fragments of turtles, which were fonnd partially imbedded in 
the soil npon a small raised flat. At the foot of a prominent butte 
standing entirely alone near Soublette's road, three miles or more 
back from Camp 10, across the Big Sandy ,'a fragment of a costal plate 
of the carapace of a Trivnyx was obtained from about the same horizon. 
B. D. Smith, one of our guides, who had collected for Professor Marsh, 
brought from a locality above Camp 10, on the Little Sandy, at nearly 
the same level, a candal vertebra of a crocodile, a portion of the ilium 
of a turtle, and the proximal extremity of the left humerus of a turtle. 
Much higher in the series specimens of Planurhis \isre> collected from a 
blnff exposure at the foot of the Uiutali Sroimtains west of the {Jrizzly 
Buttes. It was possible only to collect from these beds, in the most 
superficial manner, but enough was observed to convince the writer that 
a richer harvest than has yet been reaped awaits the future collectors in 
this field. 



During one or mor.e of the long Tertiary epochs, there was deposited 
over the space included between the WindRiver and Owl Oreet ranges, 
a lacustrine formation of great thickness, composed of beds of arena- 
ceous and argillaceous material. The general character of the strata is, 
(jn the whole, more like that of the Bridger group than that of the Green 
River beds,'and yet the formation cannot be said to closely resemblethe 
former, nor would such a similarity between the two series in lithological 
features furnish, iu itself, the least proof of identity of age. The sandy 
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marls of the Wiml Eiver deposits are frequently variegated, «'. e,, bands 
of a briglit red or a (linkisli oolor are associated witli the blue, greeuisL, 
and light-colored beds of this material. But few fossils have ever beisn 
obtained from this formatioD, and it will be wise to make no definite 
statement regarding its age until it has been more oarefnlly studied. 
The whole group lies in a nearly horizontal position, and the erosion has 
been so extensive that the beds are well exposed lor observation, pro- 
vided one can regnlixte his course so as to seek the most favorable locali- 
ties ; hence it may be hoped that the future developraeut of this region 
may greatly add to onr knowledge concerning them. 

The arenaceous nature of most of the strata, and the oblique lamina- 
tion of the sandstones and conglomerates, prove that they were deposited 
in quite shallow water ; and these facts will acconot for much of the 
lack of organic remains. The thick deposits, on the other hand, of more 
alluvial material, would suggest the probability of the preservation of 
iome vertebrate remains. Hayden has reported the discovery of frag- 
iiients of the skeletons of Trionyx and Testudo, but diligent seari^h along 
our route was unrewarded by the sight of a single bone of any kind. Id 
is proper to mention hero that a more deliuite statement concerning 
these beds, published elsewhere,* was based upon the supposition that 
some underlying beds, now believed to be Cretaceous, were of Tertiary 
age. 

In the same unsettled state must be left the Tertiary beds which are 
exposed north of the Owl Creek Mountains, of small extent at present, 
but in many respects resembling the Wind River deposits. There is 
here, however, stronger proof that these are of later than Eocene date, 
and it may be suggested that the Wind Itiver deposits may prove to 
have been laid down nearly simultaneously, but certainly in a separate 
basin. 

In all of these beds there is an absence of the great deposits of f?jy?sKi« 
and mlcite, as woald be readily supposed from their arenaceous <iliarair- 
ter. The topography, also, is different, from a similar cause, sdihunjih 
the erosion has been great, and interesting forms have been produced. 

PLTOCENB DEPOSITS. 

In the neighborhood of South Pass, extending across the water-shed, 
is a deposit which apparently represents the closing scenes of the lake 
period in the Green Kiver Basin. It would seem that during the Miocene 
epoch, or near its close, while, perhaps, extensive but shallow lakes ex- 
isted in the Wind Eiver Valley, a portion of the Sweetwater Valley, and 
north of the Owl Creek range, the waters upon the western slope of 
theHocky Itlountains had so far been drained off as to allow of partial 
denudation of the old lake-bottom. During the next epoch (Pliocene) 
a shallow lake spread over the northeastern portion of the Green liiver 
Basin across the outlying metamorpLic ridges, and connecting with a 
body of fresh water which more or less covered the area occupied bj' 
the Miocene (?) lake of the Sweetwater Valley. Figures 6, 7, and 8 aie 
intended to explain this idea, without giving the slopes, elevations, or 
distances with any degree of accuracy. 

It should be understood that the Pliocene deposits are represented as 
if local, merely because their boundaries are not known positively. In 
these deposits in the Sweetwater Basin, Dr. Hajden has obtained fos- 

*Iii a paper "On tlie Geologj of Western Wjomiiig," in Amet. Jonr. Sd.,Tol. vi, De- 
cember, 1873, 

H. Ex. 285—9 
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sila wliieli sliow close relation to tbose of the Niobrara River beds of 
Pliocene age. On tbe left bank of Little Topo-Agie River, some dis- 
tance below tbe entrance of Deep Creek from the right bank, tliere is a 
similar deposit of marls and laminated sandstones and conglomerates to 
that near South Pass, which may be of Pliocene age. The South Pass 
beds, as shown in Fig, S, cross the outer portion of the metamorpbic 
rocks, and some of the beds contain pebbles from those beds of tbe 
monntain nucleus. 
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The deposits in the Yellowstone Lake Baain and in the ^ ilb \ ot tl e 
main river and its tributaries, which may be regarded as Pliocene are 
mainly the sediments of an ancient lake, of which the present bod\ ot 
water is tbe representative on a much reduced scale. Beautiinl and 
highly instractive sections of the old beach formations are exposed in 
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tbe valleys of the streams, particularly in the lower valley of Pelican 
Creek, and far down the Yellowstone River, where they become more 
complicated, but on that aueoant all the more interesting. An exaiui- 
nation of these shows that the lake formerly extended over a much 
larger area, and that it has held its place amid changes of great im- 
portanee. It is impossible for the most enthnsiastic and imaginative 
person to go beyond the truth in the description of the remarltable 
events which are here recorded in this one page, as it were, of the 
world's history ; but this is bnt the beginning of the end, for the mind, 
even of the carefal observer, fails to grasp in its entirety the vastaess 
of the variety which is here diaplayed. 

It was during the later poition of the Tertiary age that much of tlie 
volcanic activity took place which was so general over this portioEi of the 
country, though probably only the closing stages of the lava flows are 
represented by the eruptive deposits of the Pliocene epoch. As it will 
l|e necessary to speak somewhat in detail of the history of those accuui- 
nlations in a section speciallj' devoted to the subject of volcanic action, 
a mere r^uui^ of the deposits of Pliocene age will here be presented. 
A section of the lake sediments, taken on the present lake-shore, be- 
tween Bluff Point and Steam Point, is as follows in descending order : 

1. Grass-covered soil passing gradually to loose sand, 2 feet. 

3. Various sand, gravel, and spring deposits, with scattered irony con- 
cretions, 6 feet. 

3. White and dark lake sand, very thinly laminated, with beach 
structure, and occasional irony layers, 5 feet. 

4. About 15 feet of thinly laminated, blue-black clay, locally contorted 
and beautifully cut by a small rill emanating as a spring from one of the 
irony layers in No. 3. The water is slightly chalybeate. 

Other sections in this vicinity show the same general features with more 
or less of variation. They rei>resent the upper portion of the Pliocene 
series, deposited toward the close of the era of volcanic activity, hence 
the occasional beds of volcanic ^ectamenta which were poured out into 
the lake are mainly composed of volcanic sand and the finer textured 
conglomerates, as may well be seen near Steamboat Springs. As we 
descend the valley of the Yellowstone Eiver we find the lower members 
of the group well exposed and the beds of unmodified* non-molten 
material becoming more common, with increasing proportions of the 
molten or lava series, until the latter are almost universal, and doubtless 
represent an earlier i>eriod, though frequently largely concealed by the 
subsequent spring deposits, Near the close of the Pliocene epoch the 
internal flres had so far died out ihat the igneous ejections were of fit- 
fnl occurrence, and geysers, solfataras, fumaroles, &c., abounded to an 
almost incredible extent, giving lise to enormous deposits of siliceous 
and calcareous material, which has contiDued to be deposited with 
decreasing vigor until the present day. From the nature of the circum- 
stances under which these rocks were deposited but few fossils will be 
expected, and yet there are some interesting facts which lead to the belief 
that not a few organic remains now entombed in these strata are really 
the relics of the Pliocene epoch and not of an earlier date. For a more 
complete elaboration of this and other subjects of great interest con- 
nected with this group the reader is referred to the dynamical portion 
of this report. 

' The term modified will be a oonvenieut onv to apply <aB in the case of drift deposits) 
to those lake or stream deposits which have beeu I'e-arrauged liy aiiueons action, alter 
haviog becQ deposited in beds by eruptioH from voicanoes. UamSdiJied in this sense 
applies to beds of volcanic aand aud aslieB thrown out into a lake without anlwequent 
re-ai'i'aiigoiHcnt. 
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CONCERNING THE A&E OF THE COAL OR LIGNITE GROUP. 
It is not pretended tbat the true horizon of tbe contested coal series jy 
lo be settled by the scraps of evidence which are now brought tofietber, 
nor is it probable that the little that the author can present in tbe shape 
of newly obtained facts, will materially aid in promoting a decision of 
the mooted question. The least that can be done, boiiever, is to place 
on record tbe field-notes of the writer, as far as they may bear upon the 
subject, and to show tbe grounds upon which they have been referred 
to tbe Cretaceous epoch in this report. It would be presumptuons to at- 
tempt, from so few opportunities of observation, to solve a problem 



which has received the tbongbtfnl consideration of the ablest minds 
without satisfactory settlement. It will, therefore, not be expected that 
the quesfion will be treated here, except with extreme brevity. 
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The investigations of Clarence King, in particalar, have shown that 
the westward continuation of the known Tertiary strata of the Ureen 
Hiver Basin is in a series of broad folds, and that the beds do not lie 
horizontally, as is the case farther east. It has also been determined 
that the Eocene aeries is there unconformable to the underlying coal 
group, while the latter rests conformably upon the rocks of undoubted 
Cretaceoiis age. Again, the formation of the coal was begun during the 
Cretaceous epoch, x>robably while the Rocky Mountains were slowly ris- 
ing, and several lignitie beds were deposited during the marine era. It 
is not difficult to believe that the elevation of a prominent chain in the 
eastern ocean, which then beat upon the flank of the Wahsatch, would 
gradually out off the Green River Basin from free communication with 
the sea, causing it to be occupied by a brackish-water estuary, while 
marine deposits were still accnmnlating in the eastj for it must be 
borne in mind that the Unjtah Mountains then existed as a prominent 
range, as remarked by Clarence King. Continued gradual elevation 
would finally completely shot off the estuary basin from the ocean by 
raising it higher, when the liquid contents would gradually become 
fresh, provided that the outlet was not closed, as would probably be the 
case, the elevation being gradual. The three accompanying sections 
will show the idea more clearly, although some of the beds are neces- 
sarily represented as nncouformable because it is impossible to show in 
a drawing the gradual nature of the upheaval. Subaexiuent to the de- 
position of the fresh-water beds here referred to the Creta;ceous, the 
whole series was disturbed westward, and the Tertiaries were afterward 
nnconformably deposited upon them. The question must at length be 
decided upon the evidence furnished by the organic remains, no doubt ; 
but in the absence of conclusive evidence of this nature, it ia uot 
unreasonable to snppose that such marked physical changes as took 
place after the deposition of the fresh-water beds which underlie the 
Green River group, would have been unnaturally local if they had 
transpired between two of the fresh-water sub-epochs of the Tertiary 
period. It would certainly be dt£Qcult to account for the deposition of 
the estuary beds iu the Green River Basin without the existence of a 
sea to the eastward at nearly the same level, and in view of all the facta 
thus far collected, to the writer at least, the belief that the coal-groap 
is of Cretaceous date seems ranch less difficult to support than the 
opinion that the strata were formed during the Eocene epoch- 
It is unnecessary to make more special mention of the coal-beds 
which, it has been previously observed, are exposed in the canon of 
Buffalo Fork of Snake River, for the foregoing remarks are largely 
based upon a study of that section, and no special features have been 
elicited from them. 



CHAPTER V. 

STRATIGAPHY, CONTINUED. 

Post-Tertiary and recent Glacial and Champlnin epocbs— Terrace epooli. 

From the numerous organic remains entombed in the strata of the 
Eocene epoch, we learn that the climate over a large portion of the 
Rocky Mountain region was tropical or subtropical; but the gradual 
elevation of the mountains to a considerable distance above the sea- 
level, with, perhaps, other causes now too little understood, produced 
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alfo more or less gradual clianges in the climatic conditioiia- Hence we 
find that the plants and other relics collected from the Miocene beds 
indicate a climate cooler than that of the Eocene epoch, though 
milder thaa that of the present day. This condition of things con- 
tinned with little apparent change dnring the Pliocene epoch, or 
nntil near its close. In Eocene times there roamed over the western 
continental hills and plains vast numbers of peculiar mammals, and 
in the dense forests innumerable birds tilled the air with sonorous notes, 
while reptiles of the most varied forme sought the darker recesses of 
the murky swamps, and fishes and molluscs in wonderful variety in- 
habited the great fresh-water lakes. Tiien was presented a scene in 
many respects similar to what may now be viewed in some of the more 
elevated portions of the tropics where lakes abound, but on a scale more 
vast than has ever been witnessed by human eye^. The " utrug'gle 
for existence," ever more seveJ:e in tropical regions than in milder 
cliiues, resulted in the destraetion of millions upon millions of indi- 
viduals, the remains of which, as Dana remarks, are now coming to a 
new " existence" through the researches of our eminent paleontologists. 
Slowly but steadily the growing severity of the climate doubtless com- 
pelled the dominant forms to maintain their positions by successively 
more vigorous contests until they were finally compelled to seek the 
lower latitudes nearer the sea-level, and finally to succumb to their in- 
evitable fate when the climate had reached the climax of severity, 
thus forcing them into a small area southward. Dr. ITewberrj- (Hay- 
den's Report on "Wyoming, 1870, p. 337) has well suggested that ex- 
posure to such vicissitudes would have less effect upon some of the more 
hardy plants than with animals, on account of the smaller space re- 
quired by the former for support; hence, as be concludes, the cause of 
the greater similarity of onr flora than of our fauna to that of the Mio- 
cene epoch. The rise of the land continued during the Pliocene epoch, 
and the more elevated lakes were gradually drained, thus adding to the 
increasing rigor of the climate. There are probably few who will in- 
sist, after a careful study of the facts, that the period of extremely low 
temperature which undoubtedly succeeded the Pliocene epoch, was 
wholly the outcome of tlie mountain elevation. However this may be, 
this is not the place for discussing the influence of cosmical causes in 
bringing abont the results which followed. "We will, therefore, turn our 
attention directly to the main features of the deposits of the more 
modern periods, without here entering deeply into the subject of the 
forces employed in their accumulation. 

POST-TERTIARY, OR QUATERNARY SYSTEM. 

We have now reached a point iu geological history beyond which it 
will be impossible to divide the separate formations into so many dis- 
tinct and related groups, and we shall find, as we proceed, that we have 
entered upon the discussion of a series of events of a more modern 
character than those which have preceded, many of which still continue 
with diminished energy and effect. The close of tlie Pliocene epoch 
left the country in the neighborhood of the mountains in a partially 
exposed condition. During all the previous periods erosion had taken 
place upon a grand scale, but the material transported bad been only 
removed to short distances froui the mountain eminences, and it was 
then accumulated at their bases in such a manner as to add largely to 
the elevations of the surrounding plateaus. The streams were so small 
and so swollen at intervals by large lakes, not remarkably high above 
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the level of the sea, that their erosive power was comparatively slight, 
escept for short distauces. It is probable that tlie lakes were fed by 
numerous small tributaries from all sides, rather thaa by one large iulet 
receivicijj the contribations of many branches. 

The draining of the lake basins, and the elevation of the laud, wiih 
the accompanying decrease of temperature, would increase the amount 
of erosiou by giving greater slope to the snrface, and by combining 
more extensively into river-systems the hitherto independent streams. 
This would also be facilitated by the precipitation of the moisture as 
snow in the place of rain, as before. Such, in brief, were the couditious 
at the close of the Pliocene epoch, 

GLACIAL AND CIIAJIPLAIN EPOCHS. 

Evidences are not rare in the west, north of tlie 41at parallel at least, 
of tiie former existence of a periotl during which tliere occurred the 
principal phenomena which liave had such an important influence m 
shaping the surfiice-features eastward. However difficult it may be to 
fully account for the important climatic changes which succeeded the 
Tertiary period, there is now no reason to doubt that the Pleistocene, or 
Post-tertiary period, was opened by an epoch of frigidity with a climate 
similar to that of the subarctic regions at present. In seeking for the 
causes of such an apparent difference in temperature between these con- 
tiguous eras, it is necessary to bear in mind the fact that the cold of 
the glacial epoch was universal over the northern portion of onr globe ; 
hence it is unnecessary to suppose that that portion of tiie liocky Moun- 
tain region lying south of the forty-fifth parallel was elevated much, if 
any, higher above the level of the sea than in the Pliocene epoch, for 
the extreme severity of the clituate farther north would have had a 
chilling inflneace upon the temperature in the lower latitudes. Judg- 
ing from the observations of others southward, it is concluded that the 
lower limit of the ancient glaciers of this age iu the west was not far 
from its latitude in the east, i e., about 39^^ S'., or in Colorado, near the 
latitude of Pike's Peak. 

Inasmuch as the drift-deposits in many portions of the Rocky 
Mountain chain are often of comparatively small extent, and usaally 
bear evidence of transport for short distances only, it would seem that 
the glaciers from which they came were more local iu character than were 
those which then existed farther to the east. Dr. Hayden, whose oppor- 
tunities of observation have been very extended, has repeatedly re- 
marked in his reports that he has " never been able to find any evidence 
in the Rockv Mountain region of what is usually termed a northern 
drift." 

There is, however, little doubt that the glacial deposits in this section 
are synchronous with those which exist in the east, and it is the opinion 
of the present author that the causes of the actual differences can 
mostly be explained. This will be rendered more plain as we proceed; 
but, first, it will be well to take a cursory glance at the deposits as they 
occur in Western Wyoming. 

In passing southward from Fort Bridger toward the Uintah Moun- 
tains, the buttes are frequently found covered with small fragments of 
i-arious rocks, which are quite firmly imbedded so as to resemble a varie- 
gated pavement. Many of them represent the more recent formations, 
being largely siliceous, and these may owe their present position to the 
action of water, or other causes, not entirely during the glacial period, 
which is probably the case when found upon the terraces of the streams. 
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Associated with these in many places, lio\Te\er, are undoubted drift- 
pebbles, composed of materials from the earlier strata, and deposits of 
tlie finer and coarser mixed gravels of considerable thickness are not 
infrequently exposed along the banks of the streams. The remarkable 
extent of the erosion over the Green River Basin, and its relations to 
the snrrounding nionntains, make it unsafe to generalize upon all the 
pheiioiiieniL of tJia I>rift period in this section, without extended obser- 
vation of tht> facts ; but it may be said that the features already men- 
tioned rapidly increase in importance as the Uintah Mountains are 
approached, showing clearly that much of the material was transported 
from that direction. Mucli of the structnre of the TJintali range, 
partiuniariy near tlie line of junction between the tilted strata and the 
nearly horizontal Tertiary betls, is obscared by very thick deposits of 
drii't marei-ial, and the harder formations of the outlying ridges have 
been erodisd into rounded hills by glacial agency, as is shown by the 
quautiriert of bowlders which are strewn over their summits aud down 
their sides. 

Northward from Fort Bridger the drift-deposits seem to thin out, 
and finally almost to disappear until pebbles of the metamorphic series 
begin to be seen beyond Green Eiver, and they gradually increase in 
size and amount northward to South Pass, in the vicinity of which some 
of the rounded hills of Pliocene strata are covered with numerous heavy 
bowlders. One mile south of Dry Sandy Creek a bowlder thirty inches 
in diameter was observed lying over beds of probably Eocene age, 
though now well imbedded iu the soil. The water-divide at South 
Pass is composed of Pliocene rocks, which were deposited in a lake 
which covered the upturned edges of the metamorphic group, and it is 
evident that the erosion of the valley of the Sweetwater, in at least a 
portion of its extent at this point, was accomplished during the glacial 
epoch, foT the stream has since, in some places, cut its way through the 
drift-deposits. Over the district from South Pass to Camp Stambaugh, 
the erosion baa been great, and numerous local valleys have been 
formetl, many of which are now filled in with moraine-deposits, or occa- 
sionally witii modified drift. Bowlders are scattered over the surface in 
many places, but they are, perhaps, less numerous than might be ex- 
pected. Between South Pass City and Camp Stambaugh, particularly 
near Atlantic City, a very fine road has been laid out through the accu- 
mulations of the fine material, and over several quite large moraines. 

Much drift, composed of quartz, quartzites, and a great variety of 
fragments of the metamorphic rocks, largely covers the slopes of the 
hills above Beaver Creek. The two forks of Twin Creek are separated 
by part of a moraine, jutting out from the hills in a direction nearly 
northeast, (N. 40° E.)' Deep Creek Valley (Eed CaiSou, see Fig. 4,) 
was probably cut during this epoch, aud it was then partially filled 
with the detritus of the Triassic brick-red sandstones, which was modi- 
fied by the action of the water. Between the Little Popo-Agie aud 
the North Fork of the Popo-Agie River erosion has been extensive, 
and heavy drift deposits occur. The same may be said of the coun- 
try lying between North Fork and Camp Brown, where these fea- 
tures are noticeable on a larger scale. On the trip ftom Camp Brown 
to Chimuey Rocks, described in Chapter 1, the evidence of ancient 
glacial actton was abundant. At intervals along the northeastern 
slope of the Wind Eiver Mountains, the various streams emerge from 
the mountains through narrow canons with nearly vertical walls hun- 
dreds of feet in height, but an examination of the country inside of 
the great ridge of limestone of the Carboniferous age shows that each 
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of these caiioas receives the accumulated waters of several prominent 
tributaries wliich rise in the moaiitain nucleus far to the uorthward or 
southward. Moreover, the higher points of the nucleus stand as islets 
hundreds and often thousands of feet above the a 

sources of the streams at their base. Clearly, 
then, we have here complete proof of an amount 
of erosion since the elevation of the range which, 
without this evidence, wonid seem almost incred- 
ible. But this is but a small part of it, for there 
are in this section maguiiicent and extensive 
parks; long and high moraines, composed of 
huge granitic bowlders, stretch like vast walls 
across the way, with intervening lakes or ponds ; 
scattered bowlders of other material, and im- 
mense blocks of the tougher sedimentary strata 
of Silarian age, are to be seen in the greatest pro- 
fusion ; yawning chasms many hundreds of feet 
in depth have been scooped outof the very sum- 
mits of the highest ridges, and the numerous 
water-courses uow follow channels which thej' 
conld never have cut for themselves. 

The deposits of the drift are in general abun- 
dant across the Wind Biver plateau, decreasing 
in amount toward the main stream until an in- 
crease is again apparent upon approaching the 
Owl Creek Mountains. Northward &om Camp 
Brown the coarser bowlder ingredients are more 
common, and the streams which flow out from 
the Wind Eiver range, including Bull Lake Fork, 
are often seen passing directly to the main river 
by coutinnous canons, at right angles to the 
trend of the mountains. Such streams are usu- 
ally bounded by heavy deposits of drift-bowlders, 
composed of granitic and metamorphic rocks 
from the nucleus of the Wind Kiver range. Fre- 
quently these accumulations are found filling 
large hollows which bad been previously eroded 
in the Tertiary and lower stratified rocks, and in 
one case the valley of Wind Kiver has been cut 
for some distance through an extensive deposit 
of this nature. This is shown in Fig. 12, which 
represents a section across the main stream, be- 
tween the mouths of North Pork and a smaller 
stream frora the right bank a short distance 
above. ' 

Passing up the Wind River Valley from this 
point the materials are found to become gradually finer, with occasional 
exposures along the river-banks of some modified drift. The materials 
also appear to change character somewhat, and to partake more of the 
nature of the volcanic rocks of the Sierra Shoshone. 

To return to the Owl Creek range : The evidences of glacial action are 
not rare, and the erosion and deposits of this epoch have greatly added 
to the complications in the structure of the outlying ridges. It would 
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appear that the greater effect has been produced upmi the northern 
slope, althoughit is often much less rugged than upon the southern side. 
As good a place aa could be desired for the study of the dynamics of 
the early Quaternary period is the region inclosed by the trail of our 
party during the two months' absence from Camp Brown. The remark- 
able canon of the main stream of Owl Creek, far more deserving of the 
name of river than three-fourtha of the larger streams of the district, 
now nndonbtedly marks tlie course of a former glacier of great power, 
for the remains of the aneieut drift- deposits are abundantly exposed in 
many places along its borders, where they have been cut through by 
the stream. The same may be said of many other chanaels originating 
in the Sierra Shoshone, and iu lesser degree of nearly all the minor or 
secondary water-courses, but it is only when we pass across to the main 
upper tributaries of Snake River that we cian form an adequate idea of 
the euonnous amount of the material which must have i)ee[i worn away 
during the glacial era. In numerous places between the Two-Ocean 
Pass and tlie T6gwote Pass, the ilner materials of the drift are well 
exposed in sections along the streams, showing that a formation at least 
SOU feet in thickness was deposited during this epoch. 

The study of the Bocky Mountain drift, when it can be entered upon 
without special regard to other subjects, will fully rewanl those who 
may undertake it. It would greatly exceed the limits of this work to 
attempt anything like a complete discussion of its hist-ory, and the most 
that can now be done is to give very briefly an outline of the author's 
conclnsions so far as they seem warranted by the facts. We must be- 
lieve, from tlie enormous thickness of the Tertiary strata which were 
deposited at the base of the higher elevations, that the denudation 
which had been produced at the beginning of the Quaternary period 
was very great, and this view is well corroborated by the records which 
have come down to ns. Before the close of the Miocene epoch the an- 
ticlinal of the Wind Kiver Mountains had so far been eroded that the 
Sweetwater Basin theu, as now, formed a portion of the Atlantic drain- 
age system; and the same is true of the Wind River Basin. The Green 
Eiver Basin during at least the latter part of the Eocene epoch was oc- 
cupied by a lake which probably shed its water into the Uintah Basin, 
though by a different channel from that of the present Green River, 
The existing canons through the hard limestone ridge upon the north- 
eastern slope of the Wind Kiver range were doubtless begun duringthe 
Cretaceous period, toward its close. We may, then, with good reason 
suppose that a section across the main chain at the beginning of the 
glacial epoch would be essentially as indicated in Fig. 13 by the broken 
line, Tlie dotted lines may be taken to represent, in a general way, the 
relative positions of the bed of the main branch of Little Wind Kiver 
along its course through the mountains, though it is obvious that this 
cannot be done with great accuracy. It would require a dozen sections 
to show the variations in the transverse outlines of this range at differ- 
ent points, but it is believed that the most prominent features are fairly 
exhibited in the accompanying figure. Leaving the reader to supply 
thedetails of the argument from the facts which have already been given, 
it may be remarked that the conclusion se^ms natural enough that the 
main glacier of this region followed a course very nearly coincident with 
the axis of the range, probably gradually increasing in size, from a mere 
cap at the summit until it had spread so as to fill a large portion of the 
space. between the flanking Carboniferous ridges, thus wearing for itself 
an irregular channel in a southeasterly direction. At various points 
along its sides the material inclosed in the ice was separated from the 
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main glacier and carried down into tlie plains and distributed. There 
is iilso some reason for believing tliab tlie northeastern slope of the 
uionntaiiis was in many places denuded by glacial aetiou so as to leave 
small lakes outside of the limestone- ridge, or, perhaps, one or more 
lai'ger lakes, with very irregular outline, and quite uneven bottom, in 
which the bowlders and finer material were deposited. Be this as it may, 
there is abundant evidence that the glacier escaped over tliis edge of 
the range at several points. 

For my own part, after the 
narefal review of a large 
number of facts, collected at 
every point along oar route, 
I am disposed to regard the 
period of drift-deposition, 
over a considerable portion 
of the Kocky Mountain re- 
gion, as made up of two 
epochs, and it is highly 
pi-obiible that they were 
nearly synchronous with 
the Glacial and Champlain 
epochsin theeast. Thisview 
lias been adopted in the ar- 
rangement of these deposits 
in the Stratigraphic Chart ^ 
accompanying Chapter IH. > 
To express this idea more 
clearly, but mnch too briefly, 
it is probable that the Plio- 
cenij epoch was followed in 
this section by a gradual 
diminution of heat, which 
caused the lower limit of per- 
petual congelation to de- 
scend by degrees fronr near 
the summit of the moun- 
tains. 

The first erosive effects 
were therefore produced 
near the axes of the ranges, 
and the courses of the chan- 
nels pi'oduced in each case 
would very largely depend 
upon the surface features, 
but with a prevailing south- 
ern direction. At first one 
of the great causes of glacier 
motioL — the dilfereuce be- 
tween summer and winter 
tem]if?rature — would prob- 
ably be almost wanting, but this would also continue to increase, though 
perhaps never becoming so great as in many other parts ot the country. 
For a long time the erosion of the tilted strata remote from the axes 
would be accomplished by water from the melting snows, and thus 
chauuels would be cut and the river-courses upon the plains would be 
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marked out. As the snow-line came nearer the plains the glacial action 
would become apparent also; amdatilllatersmallerside-glaciers woald, 
doubtless, partly follow the larger valleys or canons, widening them and 
often slightly altering their courses- Through some of these valleys 
and in places over the ridges through which the water-canons had been 
cut, some portions of the main glacier would finally escape. It miglit 
happen that one of the side-glaciers would dam up the main valley be- 
low the mountains, forming a lake above itself, which would distribute 
the bowlders and aner material according to size. lu places along the 
Wind River Valley, above Lake Fork, this feature is displayed, and 
elsewhere in the narrower portions of other valleys. Later still, the 
melting of these ice-streams gave rise to accumulations of fine and 
coarse materials which were afterward re-arranged by the streams, ac- 
cording t-o the force of their currents, iu the upper valleys usually being 
stratified irregularly as modified drift, while the very fine particles were 
often carried below and deposited in the undraiued lakes. 

To sum up, then, it is the author's opinion that these deposits may be 
conveniently divided into two groups, snfBciently distinct in character 
and origin to warrant the belief that they represent the two easteni 
epochs, generally known as the Glacial and the Champlain — the freez- 
ing and the thawing eras, as they may not inaptly be termed. 

During the freezing or Glacial epoch, glaciers spread widely over the 
more elevated portions of the Eocky Mountain region, and the efliects 
produced by them were enormous, but mainly local. 
I The general direction of the motion was from the northwest, but 
greatly modified by the slopes of the country. Erosion by water and 
ice was very great, and in some places immense deposits of bowlders 
and detritus were formed. 

The deposits which I have referred to the Champlain epoch may be- 
long in part to the Glacial epoch, for it can hardly be said that it is 
proper, in all cases, to separate these eras. All over the Greeu River 
Basin, in the Wind River Valiey, and elsewhere upon the plains, away 
from the mountains, the materials of the drift are widely but thinly 
scattered, the particles gradually increasing in size as the mountains 
are approached. Thus, fine pebbles of red sandstone from the Wah- 
satch or the Uintah range, twenty to fifty miles distant, may be ob- 
tained from the summits of some of the higher benches north of Fort 
Bridger, and the metamorphie series of the Wind Kiver range begins to 
be represented before these disappear. Clearly these are not the direct 
products of a glacier, but the facts would seem to indicate deposition by 
re arrangement in the waters of a shallow lake, as Hayden has remarked. 
The agency of small icebergs might be suspected, but the arrangement 
of the materials according to size is too regular for the support of that 
supposition. The large isolated bowlder noticed south of Dry Sandy 
Creek, with some others nearer the mountains, may have beeu thus 
transported for a short distance, but these are quite exceptional. The 
principal reason which can at present be oflEered for referring these ac- 
cumulations in the Green River Basin to the Champlain epoch is, per- 
haps, not very conclusive, bnt it affords some little ground for such a pro- 
visional classification. It is this : If the lake over the bottom of which 
they were spread, had existed during the glacial epoch, it is but reason- 
able to suppose that in this long period of time a considerable thickness 
of material of various sizes would have been deposited from the wear of 
the mountains, but this has not been observed ; hence it is probable that 
this lake was a later body of water caused by the melting of the glaciers 
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npon its borders, and the accumulation of morainal d4bris, which were 
assorted, as it were, according to weight, by its waters. But there are 
other deposits of greater thickness in various localities, which, by their 
position overlying the drift, show that they are of more recent date. It 
is impossible to do more than to enumerate tliem here. Tbey are — 

1. Deposits of tnodifieA drift of varying thickness, mostly exi>osed 
along the banks of existing or ancient streams. 

2. Deposits of " till," sometimes of great thickness, evidently deposited 
during the melting period in the deeper portions of the lakes, or in other 
more local lakes. 

3. The connection of the graduated drift, as it may be called, with the 
other Quaternary deposits in the Wind Eiver Valley renders the reference 
to this age of simitar accumulations in other localities more probably 
correct. 

TEEEACB EPOCH. 

The transition from the Drift era, including the Glacial and (3hara- 
plain epochs, to the succeeding epoch in the earth's history, was certainly 
not abrapt, and inasmuch as we are now dealing, as in the whole of this 
chapter, with surface-formations which are still being subjected to great 
changes by reason of their exposure to destructive agencies, it is often 
difficult to determine correctly the synchronism of results. Moreover, 
the forces which were at work during the epoch immediately succeeding 
the Drift era are still active, and many of them had produced such great 
effects previous to the Quaternary period that the glacial denudation was 
insufiicient to eradicate them. There is no lack of proof that the pres- 
ent drain age- sy steal over the southern portion of our district was at 
least outlined as early as the close of th& Cretaceous epoch, while over 
the northern portion changes have probably been produced by the igne- 
ous outflows, but still the present courses of the streams are mainly 
through channels of ancient erosion. But even in these regions there is 
enough to indicate that the epoch of tlie Ohamplain deposits was followed 
by a period during which the valleys were cut deeper, apparently by a 
succession of impulses imparted to the streams, and the records of this 
time are now to be seen in the form of terraces which more or less regu- 
larly follow the general coiirses of the present river-ohaunels. The ero- 
sion of the valleys by the stream still goes on, but there was evidently 
a long er:i. in the past when tliis action was upon a grander scale, and 
to this indefinite and transitional period it is convenient to give the name 
of TeiTace epoch. 

Concerning the causes of the fluctuations of level in the stream-beds, 
little can be said in a work of the local nature of this repoi-t, for it is 
necessary to accumulate evidence from a wide extent of country, in 
order to fairly discuss the subject; but the author may, perhaps, bo 
pardoned for the expression of an opmion in this place, not hastily 
formed, but greatly confirmed by observations in the upper valley re- 
gions of a large number of streams during our trip. Thei'e are yet a 
large number of geologists who, though ever ready to acknowledge tlie 
inconceivable length of geologic time when found necessary to explain 
many phenomena, are still prejudiced to the old theories, which refer 
all great changes in the surface-features of the earth to the action of 
internal forces. There is, however, a growing conviction in numerous 
minds that this is a serious error, and it is the candid opinion of the 
writer that the production of these terraces, except in rare ii 
very largely the result of external causes. 
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Many interesting varieties iu the forms of the terraces may be 
observed, some of whicli will be again referred to when consideriug i!ie 
sabjeet of erosion. A few olIj of the more common examples will be 
mentioned here. In many portions of the Green River Basin, particu- 
larly in sections in which the lower or Green Eiver group is the surface- 
formation, the approach to the larger streams upon each side is made 
over a succession of extensive and quite regular terrace-benches; aud 
in some places the same regularity is noticeable in the minor valleys. 
Elsewhere in this basin, and perhaps much more commonly, the surtace 
of the terraces bordering ancient streams has been much changed, so 
that it is not always au easy matter to determine their courses. Fine 
examples of regular benches are also to be seen in the Wind Eiver Val- 
ley and in other places away from the mountains. 

Even in the gorges of the streams issuing from the rugged Sierra 
Shoshone, this structure is often observable, though now mnch obscured 
by the growth of trees. In the valley of the Yellowstone Kiver, at 
many points, the terraces can be readily made out, but their surface is 
largely scored by gullej's, which cause tliem to appear less regular than 
they really are. One of the best places for the study of the effects of 
running water upon the beds of streams is the section of country be- 
tween the Two-Ocean Pass and Ttigwote Pass, where there is probably 
as much variety in the results as could well be found over an equal area 
elsewhere. 

HUMAN TERIOD. 

The close of the Terrace epoch brings down the history of the earth 
to a time when the present conditions were in force, and the changes 
which have since taken place are of comparatively slight extent, 
although much has been done in the way of denudation, transportation, 
and deposition, from which important local formations have not uufre- 
quently resulted. Some very ptomiuent recent deposits, which have 
been in process of formation during several of the preceding epochs, 
have been lightly passed over, that their history may be more clearly 
elucidated by comparison with similar action now in progress. Such 
are the hot-spring aud geyser deposits, many of which doubtless origi- 
nated long before the present epochj but, being HOW active and of speinal 
interest from their comparative ranty, it has been thought desirable to 
devote one or more chapters to their exclusive cousideration. It is also 
proposed in succeeding chapters to treat as completely as opportunity 
will allow of the forces or causes which have produced the effects pre- 
viously discussed. It is consequently unnecessary to speak very fully 
of liie remaining general deposits of the humau period which exist iu 
the district under consideration, for they are almost entirely the direct 
results of local action, which can usually be traced with little difficulty. 
The so-called alkali deposits, and the rather common dunes, mounds, 
and furrows of wind-blown sand, will each receive due attention in the 
part of the work devoted to dynamical geology, and this passing allu- 
sion must here suffice. The same remark may be made concerning the 
prehistoric and other relics, which will receive special mention beyond. 
There are not a few other topics also about which much of interest and 
importance might be written, such as come more proi>erly within the 
scope of the science of zoology. These also must be left for review 
in another portion of the report, aud this chapter msiy ap])roiniiitely 
conclude with some — 
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GEXEEAL llEMAEKS ON THE POST-TEKTIAE¥ AXD nUMAN 
PERIODS. 

Whatever may bave been the cause of the coltl of the glacial epoch, 
there can be but little doubt that by some means the noithern portion 
of the continent was raised to a coiisiflerable height above the level of 
the sea during the period of its continuance. The resulting glaciers 
extended far to tbe southward, causing great erosion of the snrfaee over 
a very wide area, but the effects produced near tlie summit of the Koeky 
Mountains, though frequently of much importance, were usually of a 
local character. The general course of the motion of the ice-sheet 
between the forty-first and tbe forty-fifth parallels was about southeast, 
varying according to circumstances to a greater or less degree. It may 
be suggested — the writer is not sufficiently familiar with the facts far- 
ther south to offer it as a confirmed opinion — that the cause of the local 
nature of the deposits, resulting from comi>aratively slight glacier mo- 
tion, was the gradual change of climate after tbe Pliocene epoch, tn 
other words, if the decrease of temperature was almost wholly owing to 
the slow approach of glaciers from the north, we will suppose that the 
Wind River Mountain glacier, for instance, did not fairly begin its 
erosive action until one-tliird of the glacial epoch had elapsed ; that is 
to say, one-third of the whole time during which the bulk of the glacier 
existed in the north. Now, we know that there was a more or less grad- 
ual reversal of these conditions during the (3lianii)lain epoch, and it may 
have happened that the climate at the supposed point fartiier north 
would cause the glacier there to continue as much longeras it had before 
preceded the Wind River Mountain ice-mass. Thus the latter would 
have just one-third as much time, witli much less force for the perform- 
ance of its work of erosion and transportation. Upon this supposition, 
it is not necessary that the effects produced should be found to decrease 
quite gradually as we go southward, for tbe amount of erosion or 
transportation effected at any one point depends quite as much upon 
the resistance as upon the power employed. The author must not be 
understood to imply by these remarks that the formation of the more 
southern portions of the great tee-sheet was separated from the Pliocene 
epoch by a greater interval of time than was the case farther north, 
though this may have been true. In such a case, it is more than likely 
that all the southern Pliocene beds are not synchronous with what might 
be called the parachronous beds farther north, using the latter term in 
the sense of beds of the same relative age. 

The Ghamplain epoch, as a whole, was one of relative approach of the 
land elevations to the sea-level, and during this era the climate gradually 
became more mild from the diminished amount of surface above the sea. 
There was then a partial return toward Lower Tertiary conditions, and 
the valleys were partially filled with material washed from the deposits 
of the melted glaciers, which was afterward partly removed by the 
action of the streams during the Tertiary epoch. The fauna of the west 
became enlarged, and finally man entered upon the scene, leaving liehiud 
him relics of his rude skill, with monuments of his superstitions. Pass- 
ing down thus through the prehistoric period, we nest find proofs of 
the existence of later tribes, who have left ns far too little of themselves, 
and by degrees we come to the present Indian families spread apart by 
fortune and misfortune until their tribal relations are even less under- 
stood by each other than by the white man who makes them his study. 
Accompanying man, or rather accompanied by man, in his nomadic 
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condition, large herds of ruminating animals next crowd the plains, 
deriving therefrom tlieir sustenance. With remorseless hand, the wily 
savage drives them from tlieir haunts, and in a few short years siireads 
their bones far and wide across tlie country. Literally exterminating as 
he goes, for a brief while he rules supreme, when, pushing eastward to 
seel; the food-supply of which his reckless waste has deprived him, he is 
met by other tribes more savage than himself, pressed westward by a 
power greater than hunger — the onward march of civilization. Then 
begins another conflict, and the records which have hitherto been the 
property of the geologist and the arcbasologist are silently placed in the 
keeping of the historiau, where we must leave them. 



CHAPTER VI. 

STRATIGEAPHY—EECAPITULATION. 

Geiifiral mvien', with eoonomic geology — Fort Brkljfer and UiQtah Moiuitaiiis— North- 
ward to Sfiuth Pass andCaiupStam.l)aagb—Sivi?etwater gold-mines— To Camp Bi'o«n 
and aotosH Wind Rivur Valley— Owl Croek Mountains— Sierra SUoahoue, &c.— Yel- 
lowatone Park and return. 

It is only intended in this chapter to give a very general description 
of the geology of the district traversed by Captain Jones in 1873, for the 
benefit of those who may require a concise statement of the facts in 
local order. In connection mth this review, some few topics bearing 
apon the economic geology of the region will also be very briefly consid- 
ered. Should fuller information upon any special subject be desired, it 
will usually be foond more completely discussed in another portion of 
the rei>ort, which may readily be ascertained by reference to the alpha- 
betical index at the close of the work. 

From Creston, on the contiuental divide, at an elevation of 7,030 feet 
above the sea, the traveler on the Union Pfioific Railway passes down 
to the valley of Green itiver, and beyoud across the plains to the \Vah- 
satch Mouutaius, over and aiDiiag the fresh-water Tertiary deposits of 
the great Green River Basin, striking iu the western portion the tilted 
brackish and fresh-water strata, contaiaiug large deposits of coal, which 
are referred in this report to the Cretaceous period. Leaving the rail- 
road at Carter station, nearly sixty miles west of G-reen Rivur City, a 
wagon-road is found running eleven miles suathward, to Fort Bridger, 
which pursues an undulating course over successive beaches of the low- 
est Tertiary formation, known as the Green River group. Tliis repre- 
sents the Lower Eoceue epoch iu the earth's history, and is well e.vposed 
over a wide extent of country. 

POET BEIDGBR AND THE UINTAH MOUNTAINS. 

Fort Bridger is pleasantly located iu the well-watered valley of Black's 
Fork, having been a prominent station ou the old overland stuge-route 
to California. This was the initial point of our reconnaissance j but the 
writer was able to pass in review the country southward to the Uintah 
range, which forma a prominent natural boundary in this section, and 
it will be well to notice its peculiarities. South of west from the Post, 
the principal feature in the landscape is a flat-topped hill or bench, called 
Bridger Bntte, rising to a height of more than seven hundred feet above 
the valley-level at the Fort. This is also iuteresting from the fact that 
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its Upper portion is composed of mostly arenaceous beds of tlie Upper 
Eoceue fonnation, or Bridger group, wliiie its base eoutaius more cal- 
careous beds of the Green Elver gronp. The Green Itiver beds are ex- 
posed in part iu tUe viciuity of Fort Bridger, and tx> some extent south- 
ward ; but as we iiass toward tbe mountains, the sandstones and tlie 
indurated clays of tlie Bridger group appear at the surface, and finally 
entirely conceal the underlying formation. Still farther south, the denu- 
dation has been less effective, and a great thickness of the Bridger beds 
is revealed in the sides of the bnttesand benches. In some places, as at 
the locality known as Grizzly Buttes, the erosion has produced remark- 
able forms, and the argillaceous strata are cut through so extensively as 
to afford numerons exposures of their fossil contents, which are very 
largely made up of the remains of extinct vertebrate animals. 

The Tertiary beds in the vicinity of the mountains dip very slightly, 
aud they jut against the northern slope of the Uintahs iu a manner 
which plainly indicates that they were deposited after the upheaval of 
that range. Thick accumulations of the fine and coarse materials of 
the drift are so common that the structure of the point of junction is 
much obscured ; but examinations of sections at several points show that 
the sedimentary rocks to the close of the Jurassic period were repre- 
sented in the main upheaval. The Jlesozoic rocks seem to cover the 
underlying formations to a greater extent in the Uintah range than 
is common in the Bocky Mountain system. 

Drift is abundant and coarse towardthecentralportiou of the Uintahs, 
somewhat gradually decreasing iu size and quantity northward. It is 
very difficult, however, without extended examination, to determiue the 
amount of this material which may have been the result of glacial actiou 
in the Wahsatch Mountains. Accumulations of some extent exist in 
the vicinity of Fort Bridger, to the origin of which a hasty review of the 
country southward furnishes little or no clew. There are very interest- 
ing questions connected ivith the history of similar deposits over the 
whole district, which deserve careful attention In the future. 

The return from the mountains is much more satlstkctory to one 
desirous of gathering only general facts, for It enables the observer at 
many points to obtain views of the country extending over a wide area, 
The traveler across the Green Biver Basin can obtain bnt an inadequate 
idea of the vast amount of eresion which has taken place since the depo- 
sition of the horizontal strata, without passing down through the valleys 
of the northward-bound streams from the present summit of the Bridger 
group of beds. 

FROJI F03T BEIDGfBK, VIA SOUTH PA35, TO CAJIP STAJIBAUG-H. 

Along our route, the Bridger group is exposed at the surface over a 
considerable extent of country uorthv(-ard and eastward from Fort 
Bridger, and numerous isolated buttes, largely composed of the strata 
of this formation, are met before reaching Little Sandy Elver, while a 
number exist beyond this point, which are merely capped with these 
beds. Between Bryan and Church Biittes, on the railroad, there is an 
interesting collection of buttes which are weathered Into forms slightly 
resembling the Grizzly Buttes, but much less crowded and irregular. 
The Green Elver beds are exposed beneath the Bridger group over the 
whole country north of Fort Bridger, and beyond the Little Sandy they 
are at the surface almostto Paci&e Creek. This formation is now noted 
for the abundant and finely-preserved remains of fishes and land-plants 
which it has yielded, particularly in the railroad-cuttings not far 
U. Bk. 285 10 
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from Green Eiver City. A shale biglily charged with petroleum is also 
found, contaiiiing the remains of flshea. This was met upon onr trip 
above Eobinsou's Ferry on the light bank of Green River. Its fael- 
properties arefair, but no economical metbods of ntilizingit have yet been 
proposed on account of the great amount of waste which clogs the fur- 
nace and smothers the Are. It ianot probable that it will soon be brought 
into use, as the supply of better material near at haiid will be sufficient 
for all demands for a long time. 

The coal of this country occurs in a group which underlies the fresh- 
water Tertiariea. It is not exposed along the road between Fort 
Bridger and SoiTth Pass; but it is worked at several points along the 
railroad east and west. In the neighborhood of the Wahsateh Mount- 
ains, the strata are much tilted and the coal is easily reached. East of 
Green Elver Gity, the coal-bearing group is nearly or quite conformable 
to the overlying Tertiary series, and is occasionally found by boring at 
some distance beneath the surface. East of the continental divide, sim- 
ilar beds underlie a large area of the country, and a thriving mining- 
town has sprung up at Carbon station, half-way between Creston and 
Laramie. 

Shallow-water lacustrine beds of the Pliocene epoch are seen in quan- 
tity near Pat-ilit! Springs, though not extending far southward over the 
plains. These have spread across the outlying portions of the meta- 
niorphic series of the Wind Eiver Mountains near South Pass, and they 
have been greatly denuded since their deposition. Eemuants are now 
left standing in the shape of immense bnttes, forming prominent land- 
marks to the traveler in this region. 

Passing northward from Port Bridger, the drift-material thins out 
gradually, then increases by degrees until it is rather abundant near 
South Pass, its size increasing in about the same proportion. Alkali 
deposits, clmlcedonic masses and concretions, deposits of gjpsum and 
calcite, and interesting changes in the minor surface-features by wind 
and water action, are among the more im]>ortant peculiarities which 
claim a share of the attention of those who shall make the Green Eiver 
Basin the field of geological labors. 

The low divide at South Pass might readily be crossed without being 
observed, except by the most watchful traveler ; for there is no high 
ridge to mark the passage from the Pacific to the Atlantic waters, and 
the change in direction of the streams upon each side would scarcely 
be noticed, unless special attention were given. The water-divide is 
not the geological divide, or axis of the anticlinal, which is situated 
some little distance beyond, and is often lower than portions outside the 
nucleus of the mountains. It will thus be seen that the Sweetwater 
Eiver rises upon the southwestern slope of the Wiud Eiver range, but 
cuts its way across to join the Atlantic water-system without escaping 
to the plains of the Green Eiver Basin. i>ear the point at which the 
road crosses, it runs in a narrow caiion through the metamoi-phic slates 
and schists, occasionally meeting with a swell or basin filled with Plio- 
cene strata, or the more recent accumulations of the Post-Tertiary 
period. Below this it meets with the fresh-water sediments of a lake 
which existed probably in the Miocene epoch, occupying what is now 
termed the Sweetwater Basin. 

The metamoiphic slates pass rather gradually through the common 
forms to the granites, which compose the axis of the Wind Eiver range, 
which here constitutes the main crest of the Eocky Mountain chain. 
The geological divide is crossed before reaching South Pass City, and 
it is here compaiaively low. The same gradations in the metamorphics 
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are noticed be.yond in reversed order until the overlying sedimentary 
rocks make their appearance upon the northeastern slope. Quartz and 
feldspathic seams are abundant upon both sides of the anticlinal. Heavy 
drift-deposits fill iiiany of the varionsly-eroded valleys, and excellent 
roads are built without difftculty on this acconiit. South Pass City and 
Atlantic City are located in deep valleys oecnpied liy tributaries of thb 
Sweetwater, which were in part at least cut out diiriug the Glacial 
epoch, and afterward more or less completely filled with the finer drift- 
deposits, probably to some extent duiing the Champlaiu epoch. The 
Pliocene deposits extend to a remarkable distance over the metamorphic 
series, being discovered where wells have been dug; iu places where 
ihey are covered by the drift, as at Camp Stambangh, wiiich is almost 
directly upou the divide between the Sweetwater River aod WindEiver. 

SV\*EETWATBE GOLD-^.I!^"ES. 

Some opportunities of observation having occurred, the gold-mines 
of this section, known as the Sweetwater miniug country, were exam- 
ined iu company with Oaptaio Jones, with as much c<ire as time would 
allow. It should be here stated that the writer is greatly indebted to 
the proprietors of the mines now iu operation, and particularly to Mr. 
James Smith, of Atlantic City, for facilities given, in every case very 
courteously rendered and without hesitation. 

The gold of this region occurs in thick veins of imiiure quartz among 
the schists and gneissic slates of the northeastern side of the anticlinal. 
The greater portion is disseminated through the matrix, but it not un- 
frequeiitly is found in cavities in the quartz in iair-sized flakes or scales. 
Silver is frequently associated with it, and iron-i>yrites in varying 
proportions is rarely absent. There are at least two prominent lodes, 
which may be called the Cariso and the Miners' Delight. The 
mining-section is locally divided into two portions, known as the Sho- 
shone and the Miners' Delight districts. The Shoshone district, in par- 
ticular, has been the scene of great excitement, and signs of compara- 
tively recent prosperity are evident iu the numerous fine dwellings, 
hotels, factories, and other concomitants of mining-settlements, which 
mark the sites of the now deserted Atlantic and South Pass cities. The 
mines have not been exhausted, and some are yet in operation ; bnt so 
far as could be learned, the entire lack of capital and the cost of trans- 
portation of the ore to points where it can bo worked, have caused their 
gradual abandonment or suspension. The small number of remaining 
inhabitants of the two cities — not more than thirty iu all — are very 
sanguine of ultimate success, and it is quite probable that a railroad 
through this country would add the necessary incentive to tlie profita- 
ble development of these mineral resources. 

The notes upon these mines, active and abandoned, will be given in 
order, beginning at Sonth Pass City, in the Shoshone district. The 
natural facilities for placer-mining are very good, and the channels of 
former ditches are by no means uncommon. Some of these exist in 
the neighborhood of South Pass City. Xumerous "prospect-Iioles" are 
to be seen in all directions. 

Cariso mine. — iTot now in operation. This mine has yielded well, and 
much labor has been spent in its working. Very good' Imildings, with 
good but not extensive machinery, are still standing above the main 
shaft. The shaft has been sunk two hundred and ten feet, in a tough, 
dark quartzite with numerous thin, quartz veins. Marshall's shaft is 
ninety leet iu depth, and has a tunnel along the vein, toward the main 
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shaft, one hundred autl sixty -five feet in ieugtii. The veiu is here foni' oi 
fire feet iu thickness, dipiiiiig 70=" to the northeast, being conformable to 
the adjacent rocks. Some free gold is found iu the cap and wall rock, ami 
the shafts and tunnels have been excavated iiartly in these. A rich spe- 
cimen from the hanging- wall represents a reddish or speckled, rather fi'ia- 
ble, qaartzose layer, with the gold finely disseminated. This rock very 
readily splits into thin laniinre ni)on exposure to the air, owing, doubt- 
less, to the quantity of ferric oxide which it contains. The average of the 
gangue is more refractory quartz or quartzite. Iron pyrites is more or 
less ahuudaut, occasionally being found iu the form of cubes in the attle, 
or refuse. Very little water was met before reaching a depth of two 
hundred feet, but the reason given for suspension of the work is ina- 
bility to supply pumpiag-raachinery, which is now rendered necessary. 

Toang Amenoa mine. — Suspended or abandoned. Across a ravin'e, 
easterly from the Oariso mine, the Young America shaft, ninety feet in 
depth, has stnick the same lode. Considerable silver is found in the 
attle, but it has never been worked, though said to exist in sufideieut 
quantity if the more valuable gold were not ]>reseut. This mine has not 
yielded as well as the Cariso; the average being not more than 825 pei 
ton. 

IrMman and SiierUJan mine. — yot in operation at present- Two 
mines, consolidated under this name, have a shaft ninety feet in depth. 
The rock which was worked yielded fairly, but it is not extremely rich 
in gold. In general, it is an impure, haid quartz, but much decomposed, 
in parts containing pyrites. 

There is apparently a " horse " in this mine, containing a eonsiderablo 
quantity of magnetite. 

Below this mine a few rods, the Grecian Bend mine was opened, with 
the hope of reaching the same lode, but was finally abaudoned. Ten- 
nessee, Golden Gate, and Flora are the names of other mines, which 
were opened and prosecuted with comparatively little success, though 
with fair prospects. The Barnaby prospect-pit, farther eastward, was 
sunk with a view of striking the lode on which the T>uncan mine is 
located. 

Duncan mine. — Worked on a small scale in summer ; James Smith, oi 
Atlantic Gity, proprietor. The approach to this mine, sixty -five feet in 
length, is roughly timbered, and its continuation in a tunnel eeventy- 
flve feet in length along the vein enters the hill about eighty feet below 
the summit. The mean ■width of the tunnel is foui- and one-half feet, 
with a large expansion or pocket, ten feet in width, near the inner cud. 
The height is about six and one-half feet, and it slopes inward about 
three feet. Above this tunnel, on the hill, a shaft twenty feet in depth 
has been opened, with a tunnel at the bottom fifteen teet in length, 
striking along the same vein, and a " slope " to the surface eastward. A 
windlass woiied by hand constituted the motive-power. A layer occur- 
ring near the middle of the vein contains an abundance of iron-pyrites 
and ferric oxide, mostly in small pockets. In large sweliinga or itoc!;- 
ets in the vein, there occurs a soft irony layer, much decomijosed, very 
rich in gold, most productive near the northern or hanging wall. An- 
other hard quartzy layer is rich, and is also abundant in pockets on the 
side of the hanging-wall. Along the northern side of the vein, mort 
prevalent eastward, runs a streak of quartz contaiiiiug notable quan- 
tities of a blue salt of (apparently) copper, probably some silver, and 
mtich ferric oxide. An " arrastra ^ has ijeeu in use at this mine, and it 
is very favorably situated for obtaining a supply of water. The yield 
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of goUl is less than at the Cariso, bnt it will proljably average 820 or 
»iore to tbe ton if i>i"operIy worked. 

Mary AJIen mine. — Suspeiideil. TliiiJiuiiieislaesitedoueniileaudalioIf 
eastw-ard from the Biinean, apparently striking the same lode, which 
seems to turn verj- slightly to tlie north in that direction. It was not 
viMted dnriug out trips. 

Buckeye mine. — ^ow beiug worked by ilcBurk, Lawn, and Dawkius, 
The metamorphic rocks are here nearly vertical, bnt the yeiii appears 
ro have filled joiut-flssnres near the surface, making the dip of the 
loije at this point from 3i° to 30^ southwest. They have apparently, 
by sinking a shaft, also struck and worked another smaller vein or 
branch below, with much the same direction, whicii does not come so 
near to the surface. Along the upper vein, and penetrating iu the same 
way the lower, a thin foreign seam occurs, with a fine example of '■ slick- 
ensides." where it comes iu contact with the qnartz vein. The upper 
vein near the surface is about nine feet in thickness. At the lower end 
of an incline, seventy -sis feet from the entrance, it is about four feet in 
width, but tlte gangue is richer. The gold-beai-iug rock from the bottom 
of the shaft and on the side of the incline is a tough bnt broken quartz, 
with some visible particles of gold. 

Between this mine and Camp Stambaugh, the Caribou mine, not far 
distant, and a few placer and other mines iu Promise Gulch, were 
hastily passed for lack of time to examine them. 

Young America viine, (East End, Jliners' Delight.) — !S"ow in operation. 
The dip of the lower wall averages 72^, S. 65° E. The shaft, which fol- 
lows the vein, is one houdred and eight feet in depth ; first level, sixty 
feet below the surface, the portion of the shaft above being on an incline. 
The width of the vein varies from nothing to four feet. The lower wall 
of the workable portion is quite quartzy, and there is much adhering 
quartz iu many places on the hanging-wall. The average yield is about 
rilo per ton, and the working is easy. The proprietors run a twenty- 
stamp mill, and the hoisting-machinery and the timber-work are in good 
or<ler and snbstautial. At a depth of less than one hundred feet, the 
shaft runs vertical for twelve feet, and then bears northward. In the 
center or to one side of the vein, often in pockets, occnrs a blackish 
rock-material, which decomposes readily. At a depth of one hundred 
and five feet, water issues from the wall in a good-sized stream. The 
gold is here often found in large scales in the qnartz. 

The Miners' Dehght district is now more thickly settled than the 
Shoshone district, and more or less of an impulse has been given to this 
section by the success of those who have opened mines. Several other 
prominent mines are worked, which could not be examined for want of 
time. These few notes give but a bare outline of the facts ; but the 
repoitofCaptain Jones will, doubtless, contain other items of information 
connected with their economy. Mr. R. W. Eaymond, United States 
Mining Commissioner, has given these mines due attention, and he has 
already published more complete accounts of them. 

THENCE ACKOc^S THE 



On the western slope of the Wind River Mountains, near Soitth Pass, 
no signsof strata older than the Tertiary were discovered ; but upon the 
northeastern slope many fine sections were afforded, exposing represent- 
atives of the great groups of the western sedimentary rocks, from the 
Silurian to the Cretacpon^, inclusive. By comparing a!id elaborating 
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tlie materials collected from various poiuts, it is ascertained tliat tlie 
following formatiouR are represented iu ascending order, above the met- 
amori»liies : 

1. Potsdam saudstoue. 

2. Quebec proup limestone, &<:. 

3. Niagara limestone, (cheity anil doloinitic.) 

4. CarboiiiferoiTS group. 

5. Triassic red sandstones, 
(f, Jurassic limestones, &c. 

7. Cretaceous beds. 

8. Tertiary (mioceiie 1) beds. 

9. Pliocene? clays and soft or loose areuiiceons bed.s. 

10. Drift-deposits of glacial epocli. 

11. Obaunplain dejrosits. 

12. Terrace-formations. 

13. Keceiit accumulations of l^low n Hand, &c. 

The streams flow down from the moniitiiias by a very direct cuiirse 
to the plains through the sedimentary strata, including the Cretaceous 
and occasionally the Tertiary. A fold in these rocks is then met, which 
turns the more southern of the streams more or less to one side, sometimes 
for a short distance in a direction opiwsite to the general conrse of the 
Wind River. Several of these folds stretch along the Wind River pla- 
teau, being variously eroded at different points. 

There are several places between the Little Popo-Agie and Camp Brown 
^vbere the Triassic gypsum-beds are thus exposed in a manner which 
makes them quite accessible, as well as the valuable building-atone, which 
would otherwise have been kept concealed. Several extensive seams of 
coal outcrop In the Cretaceous series, and a portion of it may liereafter 
prove of economic value, though it is mostly of an inferior quality 
Ko tar as observed. Just beyond the Little Popo-Agie, and on the Little 
Wind Eiver below Camp Brown, oil-springs exist, which bid fair to be- 
come of importance in the future. That near Camp Brown has already 
furnished a quantity of asphaltuni by its evaporation as it Hows over 
the ground, and this has been extensively employed at the post lor 
pavement and rooiing purposes. The Hot Spring, two miles below 
Camp Brown, is a very interesting feature of this section, and cold sul- 
phur-springs are found in other localities. Camp Brown itself is located 
in the midst of a rolling country, which has been much planed down 
since the upheaval of the mountains, so that the geological structure is 
much obscured by drift-accumulations. 

The fresh-water Tertiary beds jut against the older deposits, almost 
exactly as tliose of the Green Kiver Basin overlie the red sandstones of 
the Uintah Mountains, and like them they are nearly horizontal. They 
form the surface rocks across the Wind Kiver Valley to near the junction 
of Spring and Dry Creeks, when they are replaced by the underlying 
strata, which are much folded and eroded, making their study rather 
difficult. Pine exposures of the Jurassic and Cretaceous beds are sejfU 
iu the outlying ridges of the Owl Creek ^lountains, with numerous fos- 
sils iu the 'former. A species of the LawellibrancJi genus Gryphmt is 
i«markably abundant in some of the nearly vertical Jurassic limestones. 
The Triassic brick-red sandstones are also exposed iu places. The min- 
eral contents of all these formations are intensified, as it were, in quality 
and in number of exposures by the excessive folding to whicli they have 
been subjected. 
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OWL CREEK MOUNTAINS, SIEERA SHOSHO^^E, ETC. 

The metamorphic uueleus of the Owl Creek range is not well exposed, 
iieing covered, exempt in a few isolated looalities, by the earlj sediment- 
ary rocks. Glacial action and the ronseqaent deposits of bowlders and 
fluer material are abundantly manifested, but especially upon the north- 
ern side and in the caiions or narrower valleys of the streams. 

The country between Owl Creek and the Gray Bull Kirer is very 
rugged. Beds similar to those south of the Owl Creek Mountains con- 
tinue. Lignite or coal, some probably valuable, iron-ore, and gypsum 
are not scarce. The Tertiary beds are very scanty, and it is difficult to 
determine their original diatribntion. Drift continues abundant, and 
interesting studies in dynamii-,al geology, including water-erosion, wind- 
action, and other subjects, could hardly be more favorably presented than 
in this section. Cretaceous strata are most common along our route, 
but lower beds are occasionally seen. 

From Gray Bull Eiver to the Stintingwater Valley, the surface is 
less rugged, but it still shows great erosion. Xo new developments of 
structure can be made out until the divide above Short Fork is reaclied, 
when we are oblige^] to descend by a very steep trail to the tributaries 
of the Stinkingwater. Here the volcanic conglomerate, which makes 
up such a large portion of the mass of the Sierra Shoshone, is seen as 
detacljed fragments scattered upon the hills, and to some distance upon 
the plains. An examination of the main portion as it is exposed back 
upon the higher ridges near Washakie's temporary camp, reveals large 
quantities of silicified wood, sometimes in small pieces, but often as 
large logs and trunks of trees. Passing beyond across Ish-a-woo-a 
Eiver to the Jforth Fork of the Stinkingwater Eiver, more outcrops 
of coal are met, and a dying sulphur-spring, Near this point, a fair 
section is aftbrded, including the Triassio be^ls. 

As we pass up the North Fork, the volcanic rocks increase iu quantity, 
at first covering the sedimentary rocks, without obscuring them, but 
shortly becoming so thick that the streams have not cut to their base, 
thus continuing for many miles, completely concealing the stntcture of 
the original range. In fact, little or nothing was learned of the under- 
lying rocks, while passing tlirough this caQon, except what was gleaned 
from a very few exposures toward the lower end, with an occasional 
outcrop of some of the later strata iu most unexpected places. The 
eruptive rocks extend westward over a vast extent of country far be- 
youd the limits of our reconnaissance, and they constitute one of the 
most interesting features of the geology of the West beyond the Eocky 
Mountains. The caQou of North Fork has been cut to a depth of many 
hundreds of feet in this material. 

The Stinkingwater Pass is a narrow opening between tvro high points 
on the divide between the North Fork and the Yellowstone Lake. 

THE YELLOWSXOKB PARK ASD RETUBX TO CATMP I5R(nV>-. 

The geologist who reaches the park from tlie east, by way of the 
Stinkingwater Pass, will soon find his attention drawn from the study 
of the more ancient deposits to the consideration of the rare and too 
little understood phenomena attendant upon the closing stages of vol- 
canic activity. Almost the whole tract is covered with hot springs and 
geysers in the greatest variety, and iu many places the older stratified 
'deposits are not visible. The Pliocene lake-deposits are very promi- 
nent, high above the present sheet of water, and they extend to a con- 
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siderable distance uortbward, wliere tUeir coiiuectioo witli the volcanic 
outflow opens a tielil for careful iuvestigatioii. At other points, partic- 
ularly iiortlnvanl, the earlier aetliineiitarj strata outcrop in soi;ie cases 
as far back as the Silurian and even to tlie metamori>hic rocks. Follow- 
ing tlowu near the lake-sboreto the river, and deseendiug the latter for 
fifty miles to the bridge; one lias the advantage of meeting with the 
facts in snch order as to obtain an understanding of their significance in 
the best manner possible in a limited time. Then making the trip to Gar- 
diner's Eiver, where the hot springs are at work upon the grandest scale, 
he is better able to comprehend what he sees, and to apply the knowl- 
edge thus gained to the futnre study of the geysers in another section. 
It is unnecessary to dwell here upon any of these phenomena, which are 
to be discussed by themselves, and which are of such special interest 
that no general statement concerning them would be at all satisfactory. 
We will, tiierefore, hastily review the country southward and eastward 
to Camp Brown, the closing point of our labors. 

South of Yellowstone Lake, although the volcanic rocks stil! continue, 
there are numerous places in which the sedimentary strata are revealeil 
beneath them, or are uncovered by them. These occur mostl,^' on the 
banks of streams which are tributary to the Snake Eiver. On Lava 
Creek the granites are exposed, overlaid by a qnartzose sandstone, 
which is probably Potsdam, and this by limestones, which maybe of the 
ages of the Quebec group and the Niagara limestone. Cretaceous strata 
are exposed before reaching Lava Creek on onr route ; also the coal- 
bearing series on Buffalo Fork. The strata containing the coal are 
nearly vertical and in tblds, so that the beds are several times exposed 
along the canon within a stort distance. Much of this coal is very good, 
and will, doubtless, some day be of value. Drift is very abundant in 
some places between Two-Ocean Pass and Togwote Pass. Sear the 
latter point, the eruptive rocks are largely denuded, if they ever coveretl 
the lower strata, and the sedimentary rocks are finely cut through dia- 
gonally by the Wind Eiver, exposing numerous good sections. Before 
reaching ^orth Fork, this river has passed through the later formations, 
and is then almost entirely walled by the Tertiary beds for the re- 
mainder of its course. The drift-accumulations are very abundant, both 
as bowlders and gravels and as modified drift. The details of its distri- 
bution are in many respects very similar to the synchronous deposits of 
the Green Eiver Basin. It would seem that the Pliocene beds, if any 
were formed in the Wind Eiver Basin, were quite local in extent, but 
the evidence of action during the Champlain epoch is much more con- 
clusive. Well-formed terraces mark the courses of the streams here as 
elsewhere, and recent surface-deposits are, perhaps, as well shown as 
anywhere over our district. 

EC0SO5IIC GEOLOGY. 

It has not been the main purpose of the writer to collect statistical 
information, nor to examine the country with special reference to its 
capabilities for improvement, but such data have not been entirely 
neglected, and the tbllowing summary of facts in this connection will 
not be without some interest to a large class of people. 

The Sweetwater gold-mines have certainly not been worked to their 
full capacity, and the introduction of capital and machinery consequent 
upon the increase of railroad facilities, which must no doubt take place 
at an early day, will probably add to their productiveness. In such an 
event, markets will be produced for the garden-truck which can be v ery 
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I'uadily raised iu maiij parts of the Wind Kirer Valley, wliere the facil- 
ities Hh- irrigation are of the best, Tlie deposits of coal and oil can 
(ionbtleaa then be ntilized; the inexhaustible store of buiidiog-inaterial, 
of stone, and the abundant snpply of timber will fnroish ample aecommo- 
ilations for tlie settlers, as it has already done at Atlantic City, South 
Pass City, Miners' Delight, Camp Stambaugh, and Camp Brown. The 
gypanm deposits will be found valuable and easily obtainable, while at 
no very great distance iron-ore may be cheaply worked. The main rail- 
I'oad through this country will probably beou the regular route to the 
National Park from the East, and distant markets could be supplied 
ivifh the products of this section. The Potsdam sandstone, it is very 
possible, is in some parts well oalculated to be used iu the manufacture 
of glass, and a good quality of li:ne can be produced from much of the 
limestone. 

Everything considered, tlie Wind Eiver Valley is the most favorable 
locality for this development, but it can be extended across the Owl 
Creek Mountaius to the Shoshone plateau and beyond without difficulty. 

The rich fuel-deposits along the line of the UnioQ Pacific Railroad 
will some day demand the introduction of an agricultural population to 
furoish the food-supply. Very many localities are now very favorable 
for grazing purposes, and the soil is, as a rule, very rich in the necessary 
ingredients of plant-ibod. In most places irrigation is all that is needed 
to turn the desert wastes into productive fields, as has been done in the 
Salt Lakti Basin, and on the Bio Virgiu, by Mormons. The possibility 
of irrigation is a deeper question, but it is certain that much can be 
done in this direction even now, while the capabilities of the future will 
very largely depend upon the measures which are adopted to husband 
and distiibute the water-supply. There are those, and the author is one, 
who believe that the results to be obtained in this way will be almost 
exactly commensurate with the time and money which may be spent in 
diligently working out the problem of the influences of vegetation upon 
atmospheric precipitation. This is not the place for argument upou 
this subject, and this reference to it is all that can here be made. 
Enough has been said, however, to show that the possibilities of 
advancement are far greater than many have imagined, and it will be 
found that these views are shared in common with the great majority 
of observers in this region, who are competent to form an opinion from 
the facts. 



CKAPTEE VII. 

DYNAMICAL GKOLOGY— ELEVATION, EROSION, AND DENUDATION. 

-Ari:R'OiiB Actiou— 

In all the preceding chapters we hare dealt mainly with results, 
studying the history of each epoch from its completed works, and pay- 
ing but little attention to the forces which hai"e aided in their produc- 
tion. In Chapter II, when reviewing the general sui'face-features of 
the country, it was stated that there are many physical peculiarities 
which are at first sight remarkable, and which must be, iu a measure, 
explained, before one caa fully appreciate the great changes which have 
taken place in this portion of the Rocky Hountaiu region since the 
formation of the earliest strata. This portion of the report is, there- 
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fore, devoted to a consideratiou of tbe causes of these cbaiiges, with a 
more complete account tliaii has previously been given of the direct 
effects; that is to say, the indirect, or ultimate effects, will require little 
notice, as they have already been discussed in the chapters ou stra- 
tigraphy. In other words, we are now to deal, in a general way, with 
forces which have been at work more or leas permanently, and we shall 
endeavor to trace their action in the production of results, many of 
which have been already considered. The subject will be topically dis- 
cussed, somewhat systematically, but with scarcely any regard to local 
or chronological sequence, except in the treatment of minor or special 
topics. 

ELEVATION OF MOUNTAISS. 

It has been elsewhere remarked that the elevation of the Wahsnteh 
and Uintah ranges was accomplished before the chain of the lioeky 
Mountains eastward had risen to any extent above the ocean. This 
conclusion was reached by Clarence King, from the fact that the Cre- 
taceous beds extend up to the eastern base of the Wahsatcb chain, but 
they are not found upon the western slope. The relation of the Cre- 
taceous strata to the underlyiug rocks lu the neighborhood of the Wah- 
satch and Uintah ranges also favors this belief. Previous to the deposi- 
tion of the Paleozoic strata, an uplift of limited extent occurred in 
Arizona, according to the published reports, and some statements have 
been made in Chapter III of this report, which point toward the couclu- 
sion that there may have been' a slight elevation somewhere iu the 
neighborhood of South Pass during early Paleozoic times. Tbis latter 
supposition requires further evidence, however, for its support. The 
Walisatch and Uintah ranges, then, were uplifted toward the close of the 
Jurassic period, with a broad area westward, the whole of which was 
thrown into a series of parallel folds, with a general north-south trend. 

The upheaval of the ranges composing the Rocky Mountain chain, 
east of the Wahsateh range, took place at a later date. The disturbance 
appears to have commenced during some portion of the Cretaceous 
period, and to hare coatinued gradually until its close, Kiug also re- 
ports a later uplift affecting Green fii'ver Tertiary beds in the neigh- 
borhood of the Wahsateh Mountains. It is very difficult to determine 
the complete orographic history of the northwestern portion of our 
district, but the uplift of the whole region seems to have been com- 
pleted before the opening of the Miocene epoch, although large addi- 
tions have since been matle to its height by the accumulation of ma- 
terial poured out over its surface. 

The Jurassic upheaval, as well as that of the Cretaceous period, was 
accompanied by sufficient heat to transform or metamorphose a great 
thickness of strata below the Potsdam sandstone, and almost to melt some 
of the lower beds, if the gi'anitea be rightly considered a part of the met- 
amorphic series. Korth and west of the Wind Eiver Mountains, the heat 
accompanying the later upheaval was so intense as to lead to outflows 
of igneous material from fissures, upon a scale of such magnitude that 
whole ranges were concealed and a new aspect was given to a vast extent 
of territory. These ejections of molten matter continued with greater 
or less force during the Miocene epoch, and probably through the Plio- 
cene, or even later, gradually diminishing ia quantity until the fissures 
were covered by lines of volcanoes, from the craters of which the lava 
poured down upon all sides at irregular intervals. The remnants of 
many of the cones now st«nd as clustered peaks, to mark their former 
positions. These volcanoes finally became extinct, and geysers, fuma- 
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roles, aud solfataras, in almost inconceivable numbers, irere left through 
succeeding ages to attest by tlie accumulation of enormous mineral de- 
posits the persistency of the subterranean lieat. Many of these still 
remain, but they are slowly dying out, and it is evident that they rep- 
.™Bent the last stages of the volcanic action. 
The development of the eruptive rocks is very great westward, and the 
t; author would here express Ins obliga- 
^ lions to those investigators whose 
"3 writings have enabled him to obtain 
% additional evidence of the truth of sev- 

tS eral opiuious which were formed in the 
^ fleld, and lai'gely confirmed by the study 
I of notes and specimens. In the sue- 
c ceeding pages these views will be freely 
S expressed, together with the facts upon 
I which they are based. 
■1^ hi the lower portion of the canon of 
= the Sortli Fork of Stinking Water lliver 
■^ - there occurs a peculiar patch of Tertiary 
1^ rocks, lying nearly horizontal upon eacli 
S 2 I side of an almost vertical dike of com- 
S * ^ pact andesite, in such a manner as to 
I 1. £ leave no room for doubt that some of 
H S 5 the volcanic rocks were deposited prior 
o to the existence of the fresh-water 
3 Tertiary lake in which the horizontal 
B beds were formed. These strata are 
eI; -I s composed of about 300 feet of clays and 
^° ="- light-bnff sandstones, very similar to the 
J; Pliocene beds in the neighborhood of 
£M South Pass, It was impossible to deter- 
5 J mine whether this basin was coutinuons 
= g with an outside lake during the deposi- 
^Mtion of these strata, but it appears to 
e^ have been quite isolated, and not more 
I 2 than a dozen square miles iu ai-ea, 
^.5 Figure 14 illustrates the section referred 
J to. Similar Tertiary beds, with nearly 

- the same relation to the lower volcanic 
= 'onglomerate, also occur near the junc- 
!_ tion of the Owl Creek Mountains aud 
c the Sierra Shoshone, at a much higher 
J level than these. 

~ Beyond this point the dikes aie very 

I numerous, but usually rather narrow, at 

S iirst cut through by the stream with a 
c general north-south treud parallelwise 

- to the axes of the folds in the underly- 
ing sedimentary rocks, then becoming 

more abundant and irregular and crossing each other in almost every 
direction. Figure 15 gives an outlineview of several dikes, as seen in a 
cliff on the right bauk of the sre^m, a short distance below Camp 34. 

The conglomerate tl'equently contains large masses of the sediment- 
ary rocks, particularly those of Tertiary age, which are oiten baked so 
hard as to give a peculiar metallic ring when struck with the hammer. 
In these not uufrequently finely- preserved specimens of leaves of aiigio- 
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sperms are found, almost indelibly impressed upon tlie rock, lusieli aftei 
Logs, stumps, and even trees silici- 
-ge qua 11 titles. 

The effects produced-npoii 
the sedimentary beds by the 
ontponring of the heated 
__ volcanic material upon them 
" ire very instructive. Hard 
■s limestones have become fria- 
\ ble, saiiclstoDes have bi-en 
changed to the texture of 
~" qnartzite, and beds of gj-p- 
r siiTn have been very innch 
■5 hardened where they have 
^ not been converted com- 
= pletely into anhydrite. Some 
^ beds of cherty limestone 
* have also been rendered 
z even more compact and 
3 flnely-joiuted, and appai'ent- 
5 ly some beds of sandy marl 
have been locally trans- 
formed into quite compact 
but much-jointed roek. 

As we pass up the canon 

of ^orth Fork the coDglom- 

, crates are interstratified 

" with and overlaid by thick 

= beds of trachytic material 

- varying in texture and in- 
I closing many minerals. The 
3 whole series to the Stink- 

mgwater Pass is of great 
^ interest, but few lithologtcal 
_ details can berebe given. 

- Judging from all the facts 
which have thus far been 

" gathered, we may read the 
3 history of these deposits in 
" this region, including as 
_ well their continuation be- 
yond the limits of onr recon- 
_ uaissance, briefly as follows: 
During the Oretaeeous pe- 
riod there began a disturb- 
ance in the strata east of the mountains which had been elevated at the 
cioseof the Jurassic period, resulting in the upheaval of the Eocky ilouut- 
ain chain. This was gradual in its effects, and, whatever may have been 
its cause, tbe trend of the new system was parallelwise to the axis of the 
previously -formed chains ; in some portions of its length the later system 
is almost exactly parallel in trend with its predecessors. Over a large 
part of the area now occupied by the Sierra Shoshone a considerable 
range was probably elevated during the period of the Cretaceous up- 
heaval. This is now so nearly obscured by the igneous deposits that 
the evidence of its age is difHcnIt to obtain, and it is at best very frag- 
mentary. In some respects it resembles moi'e closely the Jurassic than 
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the Cretaceous moiiiitaiti-eliaiiis, but wherever the Cretaceous beds are 
exposed in the viciuity of its ridges they are invariably involved iu the 
folds; it must, therefore, be eousidered a portion of the Eocky Moun- 
tain system. From a review of all the facts which bear upon this sub- 
ject it is inferred that the nucleus of this concealed range is to be found 
in a lielt of granites and other metauiorphic rocks extending uorthward 
from Togwote Pass, bearing about 19° to the west, and crossing the 
East Fork of Yellowstone Ei^'er just above its mouth. If this be the 
case, the range formed a part of the northward continuation of the main 
geological divide of the Eocky Mountains, or the prolongation of the 
axis of the Wind Eiver Mountains. 

Tlie early outflows of igneous material were accompanied by masses 
of the stratlflecl rocl»s, broken from the walls of the fissures no doubt iu 
many cases, bat also, it is probable, entangled in the liquid stream from 
the upturned edges of tilted beds, caught from cliflis, and iu other ways 
accumulated until thick beds of conglomerate had been deposited. As 
a rule, the successive outflows are arranged iu a stratified mauner, and 
the lower layers follow closely the iuequalities of the pre-existing sur- 
face, wherever the latter is exposed. The overlying layers, and especi- 
ally the lavas, have gradually filled the depressions until the later 
outiiows have passed away from the fissures over a comparatively 
even course. Iu some places large patches of stratified rock have 
apparently been eugulfed in the lava-flows without removal from their 
position ; aud there may be seen in the left wall of the caiion of the 
Yellowstone, not far above the mouth of Hell-Eoaring Eiver, and at 
ether points, the upright trunks of large trees, which may have grown 
where they stand. S^one but the earlier outflows extended eastward to 
the mouth of the North Fork of the Stinking Water Eiver, or, if so, they 
were removed from a broad area prior to the deposition of the provis- 
ional Pliocene beds. !No sudden breaks are noticed, however, westward 
to the Stinkingwater Pass, but the change from fissure to crater erup- 
tion seems to have been rather gradual. 

It is possible that the eruptive rocks of the Jurassic u])heaval extend 
eastward beneath a portion of the district under consideration, but this 
is rather doubtful. A limited outflow took place alter the Cretaceous 
period, and perhaps prior to the Sliocene epoch, but the great lava-flows 
probably occurred during the Jliocene. Much more investigation is re- 
quired beforethedetailsofthishistorycanbe made out with certainty, but 
it is believed that the foregoing statements, though of necessity less com- 
plete than the material collected warrants, are yet generally correct. 
Prof. Joseph Leconte, of the University of California, has published, iu 
the numbers for March and April, 1874, of the American Journal of 
Science and Arts, two admirable articles upon the subject of the lava- 
floods, with whose couclusious in the main the present author heartily 
concurs — the chief differences iu the facts being due almost entirely to 
local causes, independently of age. It M-ould be a pleasant task to folloii- 
this subject to the cud, but the peculiar difflculties under which this 
report is prepared forbid further discussion, aud it is very reluctantly 
dropped at this point. 

The Owl Creek range is a kind of spur or shoot from the angle formed 
by the bending eastward of the main axis of the Cretaceousupheaval, and, 
wkh the many folds pf similar date, doubtless served as the mecbauical 
expression of much of the elevating force which would otherwise have 
been converted into heat for the melting of the rock>^. 
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AXCIEXT EROSlOy ASD DESUDATION^. 

Peiliaps tbe greatest difficulty in tbe way of geiieraliziug torrectiy 
ui>ou the results of fleld-work is that of detei'mining accurately eveii 
the inaiu surface features of the country at any given period in the 
past. It is rare, indeed, that one ivill find each successive step in tbe 
history so clearly and unmistakably revealetl that it may be read with 
ease in a hasty passage through a complicated district. There can be 
no doubt that erosion has been as active in past times as at pres- 
ent under like conditions. We must, therefore, believe that each suc- 
ceeding formation has been built up from the waste of those which have 
preceded it, wlierever the latter have been exposed to disintegrating 
influences. The evidences of excessive deuudatiot of some portion of 
the earth's surface during the Paleozoic era are abundant, but there is 
no proof of the existence of extensive tracts of land high above the sea- 
level, ill Western Wyoming, until the period of the Jurassic upheaval. 
The elevation of the Wahsatch and Uintah ranges, with the accom- 
panying Sierra Nevada chain, then furnished ample material for the 
accuninlatiou of the arenaceous and other deposits of the Cretaceous 
seas, and the succeeding estuaries and freali-water lakes. Subsequently 
the uplifting of tbe Eocky Htlouutain chain added largely to the snper- 
aqneous surface, and, notwithstanding the conservative effects of the 
luxuriant vegetation during much of the Tertiary period, the country 
was denuded to an extent sufficient to produce at least three thousand 
feet of lake-sediment over a very wide area. It is safe to conclude that 
the average height of the mouutaitis in this section was reduced by de- 
nudation fully one thousand feet during the Tertiary period aloue, and 
if we add to this the accumulation at their base of more than three 
thousand feet in thickness, we shall have a reduction in altitude, from 
base to summit, of four thousand feet aince the Cretaceous upheaval, 
without taking into account the denudation during the Glacial epoch. 
There are good reasons for believing that this estimate is much too small, 
for the Eocene beds of tbe Green Eiver Basin present a thickness of cer- 
tainly four thousand feet. Two thousand feet of beds which are prob- 
ably Miocene occur in tbe Wind Eiver Valley, and the Pliocene beds 
near South Pass are fully one thousand feet in thickness. It is almost 
impossible to decide bow niucb of the material deposited in tbe Green 
Eiver Basin was worn from either mountain system, but some clew to the 
pntportionate amount furnished by the Wind Eiver Honntains may be 
obtained by an examination of the physical features of that range. 
During the Eocene epoch there seems to have beeu a comparatively free 
passage for the waters upon the northeastern slope ; and, although tbe 
erosion may have been as great as at a later period, very little of the 
material was deposited until it had passed some distance from the mount- 
ains. Upon the western slope a great lake existed during this epoch, 
and whatever fine material was carried down by the streams was de- 
posited in the Green Eiver Basiu. In the Jliocene epoch these condi- 
tions were almost reversed as far as tbe opposite sides of the range were 
coucemed, and during tbe Pliocene epoch both shared in the deposition 
to some extent. Judging from the present aspect, and taking into con- 
sideration the effects of the glacial action, it seems very probable that 
the Wind Eiver Mountains have always been characterized by greater 
erosion upon the northeastern slope, though it must be acknowledged 
that less is known of the southwestern flank. 

In the Owl Creek range and the Sierra Shoshone almost nothing can 
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be learned of the early deDudittion, but ia both of these the drainage 
appears to have been inaiDly northward and eastward, as at present, 
though not in all cases through the same ehaniiels. 

GLACIAL ACTIOX. 

To one accustomed to the heavy drift- deposits of the Eiist, oftoii bear- 
ing evidence of transport for many miles, the local nature of the 
western accumulations, in view of the excessive erosion which has been 
produced in certain sections, is somewhat bewildering. It is unneces- 
sary to repeat here the facta and explanations which have been offered 
in Chapter V, but an attempt will be made to give a more satisfactory 
review of some topics which were there too briefly considered. 

It has beeii remarked that the general course of the glacier move- 
ment was southeastward, varying more or less according to the resist- 
ance encountered, and spreading out, in some cases, nearly at right 
angles from the sides. In the Wind Kiver range the main glacier fol- 
lowed a course apparently not strictly parallel with the axis, bnt trend- 
ing slightly more toward the east, so that the erosion wasnsually much 
greater xipou the northeastern slope. From the topof the Chimney E-ocks, 
in the axis of the range, the whole country northward and eastward can 
be taken in at a glance, but the view in the opposite direction ia ex- 
tremely limited, being almost entirely confined to the exposures of the 
met amorphic series. 

There are many remarkable features m the ei-osion of channels which, 
from their form and the partial lilliug in of undoubted drift-deposits, 
no one would hesitate to refer to the Glacial epoch, but which it taxes 
the mind to trace to their special causes. The absence of grooves 
or strise from sections in which the volcanic products are almost universal 
maybe accounted for by the rapid weathering; bnt it is more diffi- 
cult to understand why they should not be found in the harder and 
more durable metamorphic rocks. The only instance during our trip in 
which I was able to detect anything approaching to the nature of a 
glacial mark, was in the case of a very limited outcrop of a dolomitic 
limestone above the Niagara, which had upon its surface two or three 
faint scratches, which may have been quite recent. 

In the valley of the East Fork of the Yellowstone, and on Lava 
Creek, a quantity of very large granitic bowlders are strewn over the 
surfaces of the higher terraces, and similar masses of granite occur 
isolated and in moraines, in the central portion of the Wind liiver 
range. In the latter, outside of the nucleus, large masses of the strat- 
ified rocks are oecasiotially seen standing by themselves, but usually in 
such positions as to indicate transportation very gradually, and for 
short distances only. The bowlders becoming smaller extend out into 
the plains, and some of them are composed of the material of the 
sedimentary rocks, sometimes containing fossils. 

The general course of the glaciers over the igneous district was not 
very different, and all the observed peculiarities of the drift in tliis 
region are traceable rather to the outliues of the surface and the texture 
of the rocks than to any important difference in the glaciers from those 
farther south. In the upper valley of the main fork of Owl Creek 
there are extensive accumulations of bowlders running down from the 
east in low ridges, similar to those noticed in the Wind River Val- 
ley. The erosion was rather uneven, and the southern -bound glacier 
seems to have met an insurmountable obstacle in the Owl Creek range, 
and to have been deflected from its course : or, perhaps, the erosion 
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was effected by separate glaciers existiog at different tiuies, and possi- 
bly pui'sniiig different courses. At auy rate, there is abiiudaiit evi- 
dence, also, of the fiaal deposition of volcanic-drift material at the base of 
the mountains, between tbe npper and lower canons of Owl Creek, far 
to the eastward. Mere glimpses were obtained of the vrouderful his- 
tory which is yet to be unraveled in this region, but enough was 
learned to show that these deposits and their channels are but the 
subordinate parts of one system, in unison with similar aecumnlatioiis 
in other portions of the district. 

Between Pacifie Creek and Lava Creek, and in the valleys of Lai'a 
Creek, Buffalo Fork, and Eoek Creek a large portion of the drift is very 
finely comminuted, and this is often the case elsewhere in the volcanic 
district, especially where the lavas prevail. Many of the metamorphic 
bowlders may have come from the volcanic conglomerates. Much modi- 
fied drift, probably of the Champlain epoch, occurs in the valleys of 
Buffalo Fork, Book Creek, and in other places, of which the later ter- 
races have been formed. In these cases, and perhaps in many others, 
there is evidence that a part, at least, of the valley was cut ont by a 
glacier, and the same may be said of portions of the valleys of the 
majority of the streams in the Uintah and the Wind River ranges, as 
well. As before remarked, however, it is almost certain that the narrowei 
eahons of many of the streams have been for the most part, or entirely, 
cut by running water, partly or wholly since the Glaeial epocb. In 
some places the streams have plainly tnrued from their original courses 
to cut deep caiious through solid rock; at other points these cahous, 
though narrow, bear unmistakable evidence in tbe shape of drift-deposits 
tiiat they were partly cut as early as the close of the Glacial epoch, 
while sonie even appear to have been in progress during the Tertiary 
|)eriotl. 

From the facts that have been giveu in this and a previous chapter, 
it cannot be doubted that, whether the movement were rapid aud 
evanescent, or very slow and longer continued, the element of power 
was present, though it seems to have become concentrated iu its effects, 
causing extensive erosion with little transportation, comparatively. 

EECE^^T EEOSIO^^ 

in discussing the causes of the erosion and denudation which have 
taken place since the close of the Post-Tertiary period, it is often 
impossible to separate that part of the eflects which properly belongs 
to the Champlain or Terrace epoch, nor is this necessary for our present 
purpose. The term recent at the head of this division will, consequently, 
be used to designate all that time which has elapsed since the peiiod ot 
the drift. 

AQUEOUS ACTIOS. 

Since the laying down of the fresh-water Tertiary strata they have 
been denuded to a degree almost incredible to one who has never vis- 
ited the region in which they occur. The Green Itiver Basin iu pai-ticuJar 
has been subjected to this process, lying as it does almost com]jletely 
hemmed in by the mountains. The Bridger beds originally covered 
the Green Eiver formation over the greater pai-t of the basin with at 
least one thousand feet of clays and sandstones, but now the lower 
group is laid bare to a remarkable extent by the complete wearing 
away of the superincumbent strata. The position of the drift-deposits, 
at least in the southern portion of this tract, indicates that much of the 
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denudation had been acBomplisbed prior to the close of the Post-Tertiary 
period, and it is probable that local glacial action had much to do witii 
the early erosion, though I have \iaA no opportunities of observation of 
ench eflfeets, except in the vicinity of the ITintah Mountains and ne-ir 
Sonth Pass, in both of which cases there is no doubt that extensive 
denudation was accomplished daring the Glacial epoch. Of the great 
eitects which have since been produced, the largest part must undoubt- 
edly be attributed to the action of running waEer during the Terrace 
epoch, in comparison with which the amount is very small which has 
taken place in modern times. N'evertheleas it must not be thought 
that the erosion now iu progress is by any means of trifling importance, 
On the contrary, it would be a simple matter to bring forward abundant 
evidence to prove that the amoant of the material which is annimlly 
removed by the streams is esisesstve when compared with ordinary 
standards. There are many causes of this, a few of the more important 
of which may here be mentiooed, 

1. The great altitude of tlie region. — Two prominent results accrue from 
this cause, viz, the accumulation of snow in the mountainous districts, 
and an increased force to the currents of the streams arising from the 
greater slope of the surface. 

The acpumnlation of the greater portion of the atmospheric precipi- 
tation during a long winter causes powerful freshets in the late spring,. 
which produce greater effects upon the surface than would be accom- 
plished by the same amount of water passing off gradually. The 
moQutain-slopes give free scope to the action of gravity, and the streams 
strike the plains with a force snffieient to carve ont deep channels in 
the soft strata, and to remove large qnantities of the fiuer material, as 
sediment, to great distances, 

2. Ihe alternate ineltiag and freezing of the snow iy day and night. — In 
this section of the country during the mouths of late spring and sum- 
mer there is usually much difference in the temperature of the days and 
nights. The snow in the mountains thus melts by day and freezes by 
night, causing alternations in the level of the streams of considerable 
magnitude. In some instances these changes are so regular for days at 
a time as to closely simulate the ebb and flow of the tide in rivers com- 
nmnicating with the sea, except in the length of the intervals. The 
frequent importance of very slight diffi^rences of this nature, dynami- 
cally considered, will be readilj' acknowledged. 

3. The character of the rocks. — This influences not only the amount 
but also the character of the erosion. Accordingly we find that the 
Bridger beds, where they have not been entirely removed by the long- 
continued action of the streams, are left standing for the most part as 
isolated hillocks, though these vary greatly in size and frequency. The 
harder Green River beds are usually more regularly and perpendicu- 
larly worn. Between the extremes nearly every possible tbrm may be 
met, according to position, and other circumstances which are generally 
not diMcult to understand. To this cause must be mainly attributed 
the irregularity in the results which have been produced, for the aque- 
ous eroding agencies, though not constant in their intensity, have prac- 
tically always held about the same relations to each other as at present. 

These and other agents acting in concert are steadily degrading the 
surface by undermining the clifis, washing out the alluvial deposits from 
the old stream-beds, and transporting the flner materii)! to points be- 
low. One who has only seen these stream-beds in the late summer or 
early fall, when they are traversed by mere wiry rivulets, can form no 
adequate idea of the powerful river-torrents which fill and often over- 
H. Ex. 285 11 
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flow their banks for several weeks early in the season, so thorougbly 
charged with sedimeut as to appear more like mnd than water. 

Tlie foregoiug remarks will apply almost equally as well to tlie Wind 
River Valley and to other portions of the Rocky Mouiitaiu region where 
tlie conditions are similar, but there are nsnally minor differences, de- 
pendent upon a variety of circumetances which are more or less special 
in occurrence. The sandstones are at the surface over a large portion 
of the Wind River plateau, which has cnused the erosion to result in 
valleys and gorges similar to those which have been cut through the 
beds of the Green River group. In some cases peculiar buttes of small 
size remain, and Crow Heart Bntteiind another similar to it, in the main 
valley of Wind River, are in some respects like the more regidar ones 
of the Bridger group. There are also " bad lands," exiiosures of the 
indurated green and red marls of theWind RiverTertiary, near the 
mountains and in the upper valley where the upper sandstones have been 
worn away, iiaving a peculiarly rugged aspect. These may very appro- 
priately be named the trotbic Bnttes. The peculiar mixed structure of 
some of the sandstone-conglomerates of this formation has given rise 
to many curious and remarkable forms resembling familiar objects, as 
urns, pillars, altars, &c., and many of the Grizzly Buttes near the Uin- 
tah Mountains are capped by masses even more strikingly similar iu 
outline to other less regular objects. In the volcanic rocks the chasms 
are lined with caverns, pillars, towers, and steeples, often hundreds of 
feet iu height. In some cases narrow fissures have been produced by 
water-action through lavas and conglomerates thousands of feet in 
•depth, so that, in numerous places, the whole formation now has an 
extremely rugged, turreted, and castellated appearance. It seems 
remarkable that many of these thin chiuiney-columns can remain in 
.position. In the canon of North Fork of the Stinking Water, in one 
locality, there is a vertical block of volcanic material less than fifty feet 
in length, ttcofeet in breadth, and five himdred feet in height, standing 
alone at a distance of three or four feet from the north wall of the 
vcauon, aud this is but one of many similar instances which might be 
.given. Hundreds upon hundreds of lofty pinnacles, deep-worn caverns, 
and fathomless crevices attest the resistless power of apparently insig- 
nificant forces with unlimited time in which to work ; they stand as 
mute witnesses of Ihe almost inconceivable length of the era which has 
elapsed since the comparatively modern igneous ejections; and they 
add one more to the long list of proofs of the immensity of geologic time. 

Sections taken at intervals across the valleys of the streams would 
show that the erosion, ancient aud modern, has been very unequal at 
different points, and it may seem rather peculiar that this statement is 
nowhere more applicable than in the volcanic district. This is no doubt 
largely owing to the local natuie of the glacial action, but it must be 
.partly attributed to the character of the rocks and partly to other esist- 
■iug causes. In the lower part of the caQou of North Fork, hard dikes 
of trachyte are abundant, many of which are almost vertical. These 
rarely cross the path of the stream at a right angle to it ; but, in most 
cases, being tougher than the adjacent rocks, they now jut above them, 
and in a line making a more or less acute angle with the stream. This 
causes much of the detritus from above t« accumulate behind the high 
walls thus formed, affording lodgment for trees aud other vegetation, 
and allowing of the growth of thickets of symmetrical pines on slopes 
so steep that there would otherwise be frequent land-slides. This is 
well shown by the comparative absence of growing timber from lesser 
slopes which are not thus protected. 



Hosted by 



Google 



RECONNAISSANCE OF NORTHWESTERN WYOMING. 163 

Some of the most remarkable and interesting effects of water-erosion 
are to be aeeu in tiie Tellowstone Valley, where the gradual draining of 
the very large ancient lake has caused the formation of a river-channel 
of very great depth. The Great Falls, at a distance of fifteen miles 
below the lake, are a complete study of themselves. (See Fig. 16.) For a 
number of miles above the rapids the river runs through a broad, level, 
grassy bottom, made up of sandy lake-deposits and of gravelly deposits 
of the stream before the period of its present level. Here it pursues a 
very tortuous course, bnt the current is visibly rapid, although the water 
is too deep for fording, except in a few places. Below the mouth of 
Sour Creek the sandstones and flue beach-conglomerates, largely com- 
posed of volcanic material, are cut through by the stream, which 
is thus narrowed at first, and then turned slightly eastward. It next 
strikes against ridges or masses of purplish trachyte-porphyry, contain- 
ing crystals of sanidine. This is made up of alteraations of fairly 
compact and slaggy portions, the latter containing reddish-brown 
botryoidal geodes and sphorulites. Much of the material is very 
nearly pearl-stone, between which and the trachyte-porphyry there is an 
almost insensible gradation. The resistance offered to the current by 
the hard face of the trachytic-porphyry creates a counter-current, wliich 
causes a bay-like expansion of the river^ in which the water appears 
almost stagnant. No notice is given of the coming turmoil save the 
muffled roar from the rapids below. But the rock also feels the shock and 
it is finally cut through, this action being facilitated by the joiutage of the 
rock. The stream now pursues a general course along oue of the lines of 
jointing, trending north 4^ west. It then meets the perlitic trachyte-por- 
phyry, which, being thinly bedded and more loosely arranged, yields 
more readily to the eroding forces, making swells at the sides and trans- 
verse troughs or gullies in the bed of the stream, the action upon the 
sides being increased by the formation of eddies produced by the strik- 
ing of the main euiTent against another portion of the tougher or non- 
perlitic rocks. Here the rapids begin, but they are not yet very bois- 
terous. At each ridge of the more massive material more or less of an 
eddy is formed by the resistance of the rock, which causes currents to 
rush in from the sides to join the main current in the center, thus throw- 
ing the eroding force by degrees toward one poiut, concentrating it, and 
enabling the stream to force its way through the remainder of the sec- 
tion in a straight and narrow gorge. The rapids or cascades are largely 
due to the irregular erosion along the bottom, as will be seen by exam- 
ining its general outline represented in Figure 17. 

The terraces bordering the river at this point show the same features, 
but they are much more regular at a distance from the stream, as they 
have there been cut through the soft sandstones which overlie the por- 
phyry. Upon the right bank, at the gorge, there are low spots or basin- 
shaped holes which, before viewing the rapids, were almost inexplicable, 
but were made clear when considered as the positions of eddies in the 
former stream. A mass of the harder rock also marks the place of a 
small islet in the stream at a higher level, which then stood in the midst 
of the rapids. 

Figure 18 gives the existing contour of the surface at this point. A 
similar sketch would, doubtless, properly represent the transverse out- 
line of the present bed of the stream at the lower rapids in the midst of 
which now stand the islets shown at II, Figure 16. 

Below the gorge the river widens, owing mainly to the absence of 
hard beds in one spot on the left bank, which may have once been at 
the mouth of a tributary stream. It coutiunes its course, alternately 



Hosted by 



Google 



164 



RECONNAISSANCE OF NOETHWESTEEN WYOMING. 



cutting into the right aiitl left bank, according to the nature of the 
rock. The stream below the rapids, at the last rock islet, ia thrown 
mostly into a deep hole near the right bank; then meeting hard rock, it 
is thrown aci-osa to the left bank against hard rock, which forces it to 
l)ass throngh another gorge by the formation of a powerful eddy. 
Through this the water rusliea with remarkable force in a short series 
of rapids or cascades, then suddenly plunges by a sheer fall of 150 feet 
down into a large amphitheater in which the water spreads oat shai- 
lowly, flowing over a comparatively smooth bottom with little current. 
The cause of the falls is the rather sadden change in the character of 
the rock to a fine-jointed argillo-trachyte-porphyry, -which gives way 
more readily to the action of the water tiiau the more massive rock 
above. 



Less than a quarter of a mile 
the entrance of Cascade Creek, 




below the upper falls, nearly opposite 
he stream again meets with greater re- 
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sistance, so tUat it is deflected very greatly from its course and narrowed 
at the same time. Just at the verge of the lower falls it is quite sud- 
denly constricted by the protrusion of a hard ledge from the left wall 
of the gorge, which causes it to leap with redoubled energy over the 
steep but irregular precipice, (nearly 330 feet) which was undoubtedly 
caused by the passage to the softer conglomerates which here underlie 
the porphyries. 

Numerous other Intensely interesting stndies of this character are 
available to the investigator in this wonderful region, but this one 
example must serve as the type of the class, and it will convey some idea 
of the enormous results of the long-continued action of running water, 
while it will also serve as another reminder of the great length of time 
which has elapsed since the geologically modern igneous products were 
deposited in this section. It must not be supposed that the transitions 
from one kind of rock-material to another are as abrupt in all cases as 
might, perhaps, be inferred from the foregoing description. On the 
contrary there are many varieties in the volcanic rocks aloue. Between 
the rapids and a point in the Grand Canon a few rods below the foot of 
the lower falls, I collected not less than twenty forms, exclusive of the 
sandstones and conglomerates, sufliciently distinct to merit special 
description. Tliese include, besides those already mentioned, obsidian, 
obsidian-porphyry, various spring deposits, and other varieties which 
cannot be noticed here. These affect more or less the results of the 
erosion, but usually only in minor degree. 

PECULIAB EFFECTS OP AQUEOUS EROSION. 

From what has already been said of the present suriiice features of 
much of the country, it will not be matter of surprise to learn that there 
are many peculiarities in the manner of distribution of the atmospheric 
precipitation, and in other directions, which seem quite remarkable 
when portrayed upon any but the most minittely accurate maps con- 
structed upon a very large scale, and even then they can be only 
imperfectly understood without at least a general knowledge of the 
geological structure. An examination of Captain Jooes's admirable 
map will show the force of these remarks. One of the most striking 
features in the topography of the district is the interlocking or overlap- 
ping of theheadwatersof many of the rivers, particularly in the portion 
occupied by the volcanic rocks. The continental watershed (see Figure 19} 
is now very irregular in trend north of South Pass, there being several 
instances in which the Atlantic waters rise far to the westward of the 
geological divide, and the Pacific streams vi-ce versa. This result may 
be traced to two main causes, each of which has taken effect since the 
upheaval of Cretaceous date, i. e., erosion or denudation and dep- 
osition. In some cases one of these causes has apparently operated to 
a much greater extent than the other. In the neighborhood of Soutli 
Pass, it would seem that the deitosition of the Pliocene beds has influ- 
enced the course of the headwaters of the Sweetwater Eiver more than 
the previous extensive erosion, but it is an opeu question how much of 
the transfer of the precipitation from the western to the eastern slope 
through these channels is due to the subsequent glacial erosion. It is 
quite certain, however, that the latter has exerted a powerful influence, 
from the fact that the watershed at this place in most points is directly 
upon the Pliocene beds, which have been glacially eroded between the 
water-divide and the geological divide, or axis of the range, forming a 
trough in which the Sweetwater now lies, in part at least. 
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In tbe ancient volcanic district it is liighly probable that deposition 
has had tlie greater share in tte marking out of the present stream- 
channels, thoagh, as we have seen, these have been mnch enlarged and 
otherwise modified by the glacial action. The Yellowstone Lake Basin 
has undoubtedly been partly formed by erosion; but, as remarked by 
Doctor Haydeii, the deposition of the igneous rocks around it has had 
much to do with its formation.* 




Fig. 20. — Example of acute jiinotion of 



The occurrence of low divides in this portion of the llocky Mountain 
region is somewhat characteristic. The slight elevation of portions of 
the water-shed at South Pass may be inferred from the fact that several 
of our party passed some rods beyond the divide before observing it, 
althongh they were at the time specially engaged in its determination. 
The divide at the Two-Ocean Pass, as the name indicates, is so nearly 
level that tbe single mountain-torrent which feeds the divergent streams 
is passed northward and southward with little disturbance, and an ordi- 
nary observer might pass from the Pacific to the Atlantic waters, or 
vice versa, without noticing for a time the difference in the direction of 
the currents. South of Yellowstone Lake the divide is often quite low, 
being, in places, scarcely three hundred feet above the lake-level, though 
some miles distant. Other examples have also been given in the course 

'Doctor Hayden, in several places in his reports, has spoken of this basin as hiTRely 
one of elccalioa. This term is lial>le to canse misapprehension, for certainly he cannot 
intend to express the opinion that the basin baa been formed partly by its own eleva- 
tion, but rather by the elevation of its boundaries by deposition. I shall therefore use 
the leas objectionable phrase, basia of eirciim-depositiov, which may be c— •-"— '""''■■ 
employed to designate auuh basins or valleys as have lieen more or less ca 
deposition of heda abont them as an inclosing wall or walls. 
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of this report. In nearly all sncli cases these effects may readily be 
traced to the deposition of nearly horizontal beds in such a manner as 
to cover pre-existing ridges without materially affecting the general 
coarse of the drainage. This, at least, will explain the general results; 
but modifications of greater or less extent have arisea from snbseqaeut 
erosion in special cases. 
Among the many interesting features of this region one or two other 
pecnliarities of the aqueons erosion 
Z mnst suffice for the i>reseiit. The 
= courses of conjoining streams near 
I their junction are not unfrequently 
" gradually convergent, so that they 
I unite acutely, although often widely 
g divergent in their general courses. As 
^ a type may be taken the caseof Hell- 
so Roaring Eiver, entering the Yellow- 
^ stone six miles below the bridge. Fig- 
I lire 30 represents this feature fairly. 
=v Slough Creek, the last tributary of the 
€ East Fork of the yellowstoue, is an- 
t other good example, as are also some 
^ of the Stinking Water tributaries and 
S other streams, found, as a rule, in the 
I volcanic district, this result being 
^ doubtless due to the nature of the 
3 crok in a large measure. 
^ At A, Figure 20, there is a curious 

I cutting, the place of a former channel 
0) of the Yellowstone, which is separated 
§ by a very thin ledge from the present 
^ canon. This ledge is so frail that it is 
3 difficult to understand how it could 
^ have remained, even had it been but 
:- an islet in the middle of the earlier 
- stream. A section across both the 
'^ Yellowstone and Hell-Boaring Rivers 
I is shown in Figure 21, including this 
■^ thin wall. 



% i Like the circulation of the water 
i^S upon the laud, the atmospheric move- 
j; I ments are also controlled by the topo- 
'^ ^ graphy of the country to a very great 
2>" extent, and it will not he surprising 
^ ^ to find that the results of such action, 
"^ in a district composed of compara- 
tively level plains, bounded by high walls upon one or more sides, have 
a certain uniformity about them which could not be expected in more 
open tracts. 

The Green River Basin is, practically, a plain, hemmed in npon all 
sides but the east by snow-clad mountain-ridges, while the open side 
communicates with a wide expanse of prairie-surface. During the sum- 
mer the heated air rises from the plains, causing a current which is kept 
lip by the continued supi»ly of colder air from the mountains. The 
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direction of the wind, or of the surface-currents, will thus depend partly 
upon the position of the outlet, but even more upon the location of the 
surrounding mountain- walla, ihe prominent features, as exhibited in 




the 'Green Eiver Basin, are illustrated in Figure 22 and Figure 23 
gives an outline view of the main facts as they occur in a portion of the 
Wind River Valley. The arrow points in both indicate the courses of the 
prevailing atmospheric currents. The power of the wind is plainly shown 
in the Green Eiver Basin by the peculiar position of those composite 
plants which are collectively known a8"8age-bni8h"and "grease-wood" 
in this section, and by the scooping out of the road-bed in some places 
to a depth of 3 or 4 feet. These plants, in spots which are well exposed 
to the wind, now stand upon isolated inounds or small hills, not unlike 
the potato plants in a well-tilled field, except that the hills are often 
three or four times the height of a potato hill. In tlie section marked 
"Sand Hills," in Figure 22, there is now a very largiUmrrcn tract esteud- 
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ing for miles to the eastward, said to be the abode of iiinumerable rattle- 
snakes, bat it is entirely destitute of vegetation. When viewed in the 
reflected light from the snn it closely resembles an immense tract of 
drifted snoiv; and if a strong wind be blowing at the same time, as is 
almost always the case, one could readily mistake the clouds of sand 
for a driving snow-storm. 




portion of tbo Wind llivei 



In the Wind Eiver Valley, in the region indicated by the lettering in 
Figure 23, similar formations exist; but one or two 8|)eciat features de- 
serve notice here. Dunes, or sand-hillocks, of considerable size may be 
seen in places, usually in hollows or along the edges of low cliffs which 
serve to break the force of the wind and cause the sand to be there 
deposited. Figure 24 represents the structure of the sand-drifts when 
only herbaceous vegetation is present. Here the prevailing winds are 
from the west, or nearly so, and the slope of the hillocks is much less 
upon that side. As a rule they are less regular thau here represeuted, 
owing to the growth of clumps of grass upon many of the summits, 
which finally changes the hillocks into tufty hummocks. 

Some peculiar forms of soft sandstone, already referred to as results 
of atjiieous erosion, have no doubt received their finishing touches by 
the direct influence of the wind or by the abrading action of wind-blown 
sand. Many of the pinnacles and other irregular masses of rock which 
cap the conical and pyramidal buttes of the Bridget group in the Green 
Eiver Basin, as well as the grotesque forms found elsewhere, were prob- 
ably shaped in part by this force. 

Lastly, the action of the winds in the felling of timber in large quan- 
tities has produced results the importance of which can scarcely be 
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estimat d To say nothing of the ultimate effects which may be anp- 
pobed to follow from the decay of the vegetable tissue and the 
^ 1 Obbible or probable acciimulatiou of peat, coal, or other mate- 
rial there can be no question that the present features of a 
vast expanse of country in the West are due, iu a measure, to 
the influence of these "windfalls upon the circulation of the 
_ TV ater in the streams. The snow which becomes lodged in the 
^ intricate masses of logs resists the tlawing power of the sun's 
= rays for a longer time, and it is also often prevented from slid- 
o ing down declivities with force. Streams are not seldom 
•g ddinmed or otherwise obstructed, retarding their progress for 
5 a time, only to renew their courses with increased power when 
o the resulting lake overflows the barrier. Swamps are formed in 
Z^ other places, allowing of the growth of denser and more luxuri- 
i ant vegetation, and the consequent increase of humus by decay. 
^ In these and in numerous other ways these all but impene- 
trable stretches of fallen timber are playing their part in the 
> dynamics of the country, bat chiefly by retarding the passage 
•^ ot tbeatmospheric precipitation from themouiitainousdistriets, 
a and providing for its more equable distribution throughout the 
fi yeir. 



;; CHAPTER VIII. 

" DYNAMICAL GEOLOGY— CONTINUED. 

o B oligioal and chemical action — Effects of plant and animal life— WeatU- 
b t ii({ of rocks — Cbeciical cliaDgos aud pioducta— "Alkali'' deposits— Con- 
° elusion, 

« The geological action of plant and animal life, directly and 
v' indirectly, is, perhaps, too frequently overloolied in estimating 
^ the effects of the various forces engaged in the formation, de- 
•" strnction, and conservation of deposits, although it must be 
2 atknowledged that results of importance are often prednced 
^ b\ these agents in their growth and decay. There are many 
q lestions of the greatest economic interest as yet unsettled 
wl ich can only be finally solved by the accumulatiou of facts 
bearing upon this and kindred subjects. As a single example 
• m ly be mentioned the opinion now quite commonly, but prob- 
ably erroneously, held that forests exert an attractive inflnenec 
upon the moisture contained in the clouds, but there are other subjects 
couceming which even less is known, which are more or less connected 
with the dynamical action of life. 

In view of all this, a portion of the present chapter is devoted to a 
consideration of some of the important effects visible in Western Wyo- 
ming, which have been accomplished through the agency of living 
forms. 

EFFECTS OF PLANT LIFE. 

The geological results of the growth and decomposition of the mem- 
bers of the vegetable kingdom may be conveniently divided into three 
classes, viz: 1. Protective or conservative ; 2. Formative, or reproduct- 
ive : 3, Destructive. 
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I.— CONSEEVATIVE ACTION. 

Ill cases in which two or more forces are simultaneously at work in 
nature, it is often not easy to determine accurately the results which 
should propeilj be atcredited to each, and even when certain of these 
agenues aie aut-igonistic, the difflealty is not always decreased. Thus, 
>, the sand-hills southeast of South Pass, meu- 
1 tioned in the preceding chapter, (see Figure 
S 22,) were there formed because of the absence 
E^ of vegetation from that tract, but the lack of 
■^ \ egetation is, doubtless, caused by the power 
of the wind which has drifted the sand. The 
protective or conservative efteets of plant- 
- life, in the shape of tJie bardy " sage," and 
° S " grease-wood," are well shown in the hUloch/ 
1^ region to the westward. So,also,inthesand- 
i 3 drift region of the Wind Elver Valley, before 
%'S mentioned, {Chap. VII, Figures 23 and 2i,) 
H the growth of grasses upon some of the small 
"S hillockahas produced similar but less regular 
"J features upon a reduced scale. Figure 25 
" j represents a section across the old emigrant- 
g 3 road and overland stage-route, at a point 
t- "l^ where its course lies in the direction of the 
■ g:3 prevailing winds- It will be seen that the 
" 1 sand has been blown out of the track, (which 
a,"* han been much worn by use,) to a depth of 
n-g seNeral feet, while the plants have protected 
I ■* the greater portion of the district, partly by 
I % their rootsand partly by the resistance offered 
£ ^ bj their trunks to the wind. 
■§ I The influence of turf in preserving the 
I J surface of the land is well shown in por- 
I I tions of the Yellowstone Basin, A small 
5 a stream which flows into Pelican Greet a mile 
^ and a half above the crossing of our trail 
X s illustrates this in a peculiar and remarkable 
"Sfq mauner. Theamountof water which passes 
^ g through tbe channel is not very small, but 
I £ the matled turf layer of cousiderable thick- 
et ne'*s has held the stream within narrow 
]" S bounds, thus preventing great lateral spread 
^ at the surface- Were the supply of water 
^^ uniform at all times the undermining of the 
~ g binks which is continually taking place 
^ -") might prove more destructive, but the differ- 
4.uce in the amounts furnished during the 
"ipnng and the summer is so great that the channel is overflowed in the 
flood season "i, resulting in the production of shallow ponds. Occasionally 
masses of the overhanging tuif (see Figure 26) fall down, damming the 
stream, and thus in a measure ret-arding the eroding action behind. In 
the upper jiortion the valley is very boggy, and here again the growth 
of the grasses pre^ ents the soil from being removed, though a treacher- 
ous qmgmire is the lesult 

The growth of underwood in numerous places has served to retard 
the transportation of material to the great advantage of many parts of 
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tbe country. Accumulation of leaves, detritus, and other loose deposits 
are swept down in times of freshets m H f,e i mttesaad retained, 
thus graduilh increas ng the depth of the i ve channels by thickening 
the depos ts npoi the banfes The den&e giowth ot gootjeberry-bushes 




Fio 26 —Average sect on aoroas Pool Creek Telloivstoae Bas d, 



upon the banks, and almost in the bed of the stream of Gooseberry 
Creek, (tributary of Big Horn Rivei south of Gr>y Boil River,) as well 
as the large patches of tall grass, resembling grain tields, in the same 
section, are of the greatest value in this waj, as is e\inced by the less 
effective action of the stream in wearing away its banks, and by the more 
extensive accuranlation of alluvium in these localities than at other 
points along the same stream. These and other plants of like nature 
are frequently met in similar situations, but they are especially charac- 
teristic of the volcanic district and of the region about tlie eastern base 
of the Sierra Shoshone. The excessive erosion of the Tertiary plains is 
attributable in a large degree to the general absence of protective veg- 
etation, particularly to its absence from the vicinity of the streams. 
Kumerotis examples are in mind, which could be given, of the existence 
of deep gullies, small " earth- pillars" and other results of water-erosion 
which would have been almost wholly prevented had there been but a 
mere covering of turf or other matted vegetation. 

Cotton-wood and other forms of Populus serve in the same manner as 
the willow, the gooseberry, &e., to bind the soil by their roots and pre- 
vent rapid waste of the land by running water. Fair-sized trees of this 
gemis border the streamsin&vorableloealities, not unfrequently accom- 
panied by a dense undergrowth of the same plant, as upon the Middle 
Fork of Owl Creek, half a mile above Camp 26, where their value as a 
restraint upon the action of the water is well indicated by the depth 
and narrowness of the channel as compared with its limits beyond the 
extent of their influence. 

The importance of accumulations of fallen timber in preventing the 
sliding and the rapid melting of the snow was mentioned in the last 
chapter. Growing trees to a certain extent answer the same purposes, 
and they also protect the surface in other ways. Binding the soil by 
their roots, even with added weight, they have been the means of retain- 
ing much of the detritus upon the steep slopes of the caiion-walls of the 
Korth Pork of the Stinking Water, and elsewhere, perhaps nowhere 
more noticeably than in the Graud Canon of the Yellowstone. In the 
nucleus of the Wind River Mountains, huge bowlders have been im- 
prisoned by the gnarled and tangled roots of the pines on slopes so 
nearly vertical that the snow could not rest upon them were it not* for 
their roughness. The decay of leaves and trunks has covered the rocks 
in very many places so deeply with vegetable mold that the ordinary 
processes of weathering have been retarded or almost wholly checked. 
The ancient spring deposits on Gardiner's River and at other localities 
are extremely liable to degradatioa by erosion and decomposition, and 
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yet tliey have often been remarkably well preserved, owiug mainly to 
the protective actioD of plant-life and its results, 

Lastly may be mentioned the protection afforded the less hardy plants 
by belts or patches of timber lying upon the side from which come the 
prevailing winds. It is always difficult to estimate the true value of 
this element in special cases without more extended observation than it 
is possible to obtain in a single season spent on the march, but some 
slight idea of the real importance of this iuflnenee may be gained from 
a single well-marked example. In the valley of Yellowstone River, just 
southeast of Sour Creek, there is a sand-flat of several acres so exposed as 
to be frequently acted upon by local wind- currents, wliile the adjacent 
timber is well arranged for the protection of much of the contiguous 
unwooded area from the same currents. The sand-flat is more or less 
covered with drifts and shifting dunes, but the pi-otected portions are 
clothed with excellent grass. Similar features are noticeable, with 
variations according to circumstances, above the forks of Warm Spring 
Creek and in one or two other sections. 

n. — ^FORMATIVE ACTION. 

Allusion has already been made to certain accumulations of vegetable 
mold or humus, resulting from the decay of leaves and the trunks of 
fallen trees. There is nothing very peculiar in these formations, except 
that they are often rather remarkable for their extent and protective 
power. The thick layer of this material which now covers deeply the 
ancient hot-spring deposits of Gardiner's Eiver is particularly noticeable 
on tnis account. This and other extensive aecnmulations in the present 
thickly -wooded district-a bear abundant evidence of the coniferous nature 
of the vegetation, which, as now, has occupied these regions almost ex- 
clusively for centuries past. The dry pine "needles" falling npon the 
ground not only directly tend to increase the deposits, but they also 
largely prevent water-erosion of their own aecnmulations by the forma- 
tion of a kind of thatch which protects the surface and serves to bind 
the decayed material more firmly together. These facts will probably 
explain the more abundant humie deposits in pine-clad countries, a 
feature not confined to the Eocky Mountain region. 

Upon the treeless plains, when clothed with turf, the amount of the 
vegetable mold varies greatly, in some places being but two or three 
inches in thickness, while in others, more accessible to moisture and less 
exposed to the winds, accumulations of as many feet iu depth have been 
formed. On the arid Tertiary areas remote from the mountains and away 
from the streams, especially in districts open to high prevalent winds, 
there is, practically, no formation of humus, although the soil is usually 
very fertile. 

Many interesting observations concerning other deposits of this char- 
acter are necessarily omitted here, though often extensive and of great 
lEuportance. Alluvial deposits in portions of the district have been 
caused by the damming up of the streams by fallen timber or by drift- 
wood, but much more frequently by the retaining action of gi'owing 
vegetation in the flood seasons. These latter accumulations are most 
abundant, perhaps, in the valley of the Upper Yellowstone Eiver, 
though they are represented in parts of the Wind Rivar Valley, and, 
markedly, on the tributaries of the Big Horn Kiver north of the Owl 
Creek range, as weU as in the valley of Burns' Fork, (Uintah Mount- 
ains,} and more especially on some of its affluents. Small lakes and 
ponds abound in many sections, and it would require a lengthy chapter 
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for the deseriptioQ of the characteristic deposits of each, to say nothing 
of other striking pecaliarities. To allude to some ot these in a very 
general manner, it will answer the present purpose to divide these minor 
bodies of water into three not well-defined classes. In the first division 
may be included those lakes and ponds, with outlets, which are constant 
or perpetual, i. e., those which retain water througliout the year, how- 
ever they may fluctuate in level at different seasons. Such basins rarely 
receive important deposits of purely vegetable matter, except as drift- 
wood, which occasionally accumulates to a certain extent upon the 
shores. Leaves and herbaceous stems will, however, become mixed with 
the alluvium, and thus aid in some slight degree in the fonnative process, 
though the comparative absence of deciduous trees from this region pre- 
vents such effects to any considerable extent. Another class of lakes, 
those, with or without outlets, which become dry during a part of the 
year by drainage or evaporation, may be the cause of not unimportant 
vegetable-deposits. A single case in point must suffice for illustration, 
although many might be given from notes taken in the field. About 
four miles south of Gamp Brown, upon our outward marcli, ou the first 
day of July, we encountered, directly in the road, a stilt pond of shallow 
water less than half an acre in extent. Around it, upon all sides, the 
land surface was exposed to the wind, and consequently mostly barren. 
Upon our return, in the middle of September, we rode through a slight 
hollow where the pond had been, now completely dry and clothed with 
the choicest grass, which was being made into excellent hay for use at 
the post. The soil in which it grew was quite rich in humus, the result 
of the decay' of many previous crops not reaped by the hand of man. 
The third division embraces the stagnant pools and ponds of various 
sizes which are so very abundant in the Yellowstone Basin, though by 
no means strictly confined to tliat region. These are usually productive 
of important cumulative results on account of the continual progress of 
decomposition, which furuishes abuudant food for the growth of many 
plants. Accordingly we find these places crowded with aquatic forms 
of vegetation, which by subsequent decay gives rise to noticeable deposits 
of humus. 

Nor is this all. The very large tracts of country covered by fallen 
timber have so infiuenced the drainage as to form vast swamps in which 
the greater portion of the local vegetable products are retained and de- 
composed. In such places the vegetation is, of course, very luxuriant 
and of rapid growth, and it is also of such a charaoter that the annual 
contribution of waste material, such as leaves, stems, and fruits, is much 
larger than in the drier and more exposed localities. The consequent 
accumulations of muck are very great, while to all this must be added 
the enliaueed decay of the fallen timber itself, resulting from exposure 
to conditions brought about by its own prostration, though in many 
eases this is retarded by the antiseptic properties of the swamp extract, 
which only serves to increase the bulk of the deposit, however.* 

In this conuection, the enormous quantity of silicided wood, which is 
so commonly distributed in portions of the volcanic series, and which is 
now being formed to some extent by geyser action, may be mentioned 
in passing as one very jirominent example of a vegetable accumulation. 
In this case, however, the result is due mainly to the exertion of forces 
elsewhere considered, and to the deposition of preservative material 
not derived from the vegetable kingdom. The process by which this 

■ It shoulil be noted that the dryness of the climate and the natare of the vegation 
together exert a retarding iufluenoe upou the decay of the blasted timber, thus adding 
greatl; to the coutiuuauce of the above effects. 
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deposit has been produced will receive atteution in a succeeding obap- 
ter, to which the reader is referred for further information ui>ou this 
subject. To avoid repetition one or two other formations of minor im- 
portance, resulting more or less directly from the growth and decay of 
plants, but also dependent upon the action of geysers or hot spriugs, 
will be left for discussion beyoud. 

ni.— DESTKUCTIVE ACTION. 

So far as Western Wyoming is concerned it does not appear that the 
destructive eftecta of plant-life have been at all commensurate witli the 
I>rot€Ctive and reproductive influence of vegetation. Landslides in the 
monntaiiious districts are very rare, if we may judge from the absence 
of frequent proof of such occurrences. There are many places along 
the walls of the cation of North Fork of Stiukingwater Eiver, where 
the loose earth and gravel is almost constantly falling down the steeper 
slopes, but this bears no resemblance in extent or effect to a real land- 
slide. Even upon the nearly vertical walls of the Grand Catiou of the 
Yellowstone, where pines often grow, there is no evidence of frequent 
or extensive changes of this nature. There is, on the contrary, conclu- 
sive proof that the roots of the trees often prevent landslides by bind- 
ing the soil and the rocks more firmly together. 

The destructive element in connection with vegetation is, therefore, 
reduced to a small amount. The extensive growth of lichens iipon the 
rocks, giving them at a little distance an unnatural color, shows that 
the disintegration due to their presence is notable, at least, although it 
would be difftcult to determine the extent of their influence. Large trees, 
undermined by the wear of the water upon the banks of streams, cause 
considerable destruction when they fall by tearing up the soil about 
their roots, and the effect is produced more generally by the prostration 
of timber by the wind. 

EFFECTS OF A2fIMAL LIFE. 

The geological or dynamical action resulting from the life and death 
of animals will be treated under three heads, similar in scope to the pre- 
ceding, viz: 1. Protective etfeots J 2. Comulative effects : 3. Destructive 

effects. 

I. — PROTECTIVE EFFECTS. 

Animals exert but little conservative influence in any way, and that 
indirectly, but it is, nevertheless, true that some slight preservation of 
the surface can be triiced to them in this region. To say nothing of the 
bard-beaten paths or trails made by the domesticated animals of the 
white man and the Indians, game-trails almost without number are to 
be seen all over the district wherever the country is not so open as to 
allow of the scatteiing of the animals to feed, and one soon learns to 
detect the character of the animals which have made them, from certain 
peculiarities in each case. The bison prefers the plains, and the great 
weight of his body and its clumsiness compels him to climb the heights 
and knolls by a gradual or zigzag course. The elk often passes high up 
in the mountains, and the trails made by droves of this animal are quite 
direct, bnt never as steep as the courses often taken by the big-horn, or 
mountain-sheep. At first the passage of large droves of anhnals over 
the same course wears the surface, loosening it and causing the dust to 
be swept out of the trail by the wind, but the final result is to leave the 
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soil SO compact that vegetation will not grow upon the path for many 
years afterward. This protects the surface somewhat, especially if the 
trails have been made along the edge of a bluff, one above another, as 
is so commonly the case with the bison paths. But this conservation is 
slight compared with the effects produced by another habit of this ani- 
mal. All over the wide tract which has been traversed by the bison 
withiu the past fifty years there may be seen cirealar patches of grass 
in greater or less number, often now raised slightly above the surround- 
ing surface in windy sections. Catliu, in his valuable work entitled 
"North American Indians," refers to these patches in the lower valley 
of the Missouri, and his explanation of their origin is no doubt correct. 
Without entering upon a lengthy discussion, it may be remarked that 
the bison is fond of wallowing in the mud, and no one can travel far in 
the West without meeting with what are there called " bnfi'alo-wallows," 
These are shallow depressions, bearing some resemblance to the familiar 
"hog- wallow" by the roadside in the rural districts, though more nea.rly 
circular or semi-oval in outline- On account of the erratic habits of the 
anim^il large numbers of these depressions will be left, wherever the 
herds have rested in a suitable spot, to be filled with water by the rains, 
which, by evaporation, allows of the growth of grass to fix the soil by 
its roots, while the surrounding surface, if parched, as is often the case- 
may he degraded by the winds, leaving the grass-plats at a higher level. 

II. — CUMULATIVE EFFECTS. 

There are very few recent animal formations of much geological im- 
portance to be presented under this head, but there are several interest- 
ing and somewhat peculiar deposits of limited extent which deserve a 
share of our attention in this place. Next to the barren aspect of the 
great plahis produced by the aridity of the climate, there is nothing 
which has so much to do with their ajipearance of utter desolatiou as 
the widespread accumulations of the bones of the bison and other ani- 
mals which have been so recklessly slaughtered for the sake of the sport 
of hunting(?} them, or, at best, for the mere value of their hides. Mil- 
lions npon millions of the skeletons of these animals now lie bleaching 
upon the surface, and it is almost certain that very many of them will 
become entombed much alter the manner of their Eocene ancestors 
buried in the deposits of the Bridger group of strata. The present con- 
ditions for their fossilization are less favorable than during the Tertiary 
period, but many of the bones are already partly or wholly covered by 
the drifted sands, or by the growth of vegetation around them, and 
many have, no doobt, been transported by the streams and buried in 
the alluvial deposits. 

"BufEhilo-ehips," as the dried dnng of the bison is called, is common as 
a thickly-scattered snrfece-deposit in sections where it has not been 
covered by wind-action, though it is scarce along the line of the well- 
traveled roads, on account of its frequent use as fuel for camp-flres. In 
a few localities small deposits of guano exist inr crevices in the rooks 
not exposed to the action of the rains. Opposite Camp 24, on a short 
tributary of Dry Creek, ( Wind Eiver Plateau,) 1 noticed in such a crevice 
a rich deposit of at least half a bushel. In many places in the Sierra 
Shoshone the weatheiiug of the rocks has produced admirable crevices 
or fissures for the nests of owls, and frequently the walls of these are 
lined with a richly-colored glossy deposit of their excrement, mixed with 
the pellets of indigestible material ejected through their throats, accord- 
ing to their habit. Much of this is very resinous aud not in the least 
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offensive to nose or eye of otis wlio does not know its real character. 
Iq fact, oue of the party expressed a desire to taste a portion of it until 
informed of its tnie nature. This very strong resinous odor and qnali- 
ty is rather difflcalt to explain, except npon the supposition that the 
crevices are commonly shared by the owls with other birds which feed 
npon the seeds of the pines, though it is just possible that it is the re- 
snlt of secondary action, caused by the decomposition of the pine 
" needles" which foil into the crevices and become mixed with the guano. 
The bearer may, perhaps, be properly credited with the indirect and 
unintentional formation of local, deposits of allnvium by the damming 
ot streams, but this effect is more than counterbalanced by its destruc- 
tive tendencies. A few rather important bub not extensive cases of fos- 
silizatioQ by immersion in the basins of hot springs were noticed, but 
they do not require fuller notice in the present chapter, as further men- 
tion will be made of thera in the section devoted to the geysers and hot 
springs. 

HI.— DESTRUCTITE EFFECTS, 

The beaver is probably entitled to take the lead in the worli of de- 
struction. These animals are still common in portions of the Yellow- 
stone Park, and elsewhere, but the hand of man is already turned against 
them, and their works are, in most places, more numerous than them- 
selves. It is unnecessary to describe these structures or their effects, 
for they are already widely tnowo. Prairie-dogs and other burrowing 
animals are very commonly distributed throughout the region, and their 
actions have resulted in more or less destruction to the soil by bringing 
to the surface deposit-s of sand, which is scattered by the winds, and by 
injuring the solidity of the gronnd above their burrows. The destruc- 
tion of vegetation by beavers occasionally has been quite general over 
small areas, but usually it has only accomplished a more or less beneficial 
thinning out of superfluons growth. Grasshoppers, in some sections, 
particularly on the Shoshone Plateau, have been instrumental in the 
destruction of vegetation to a remarkable degree, at seasons of the j'car 
when such devastation is often detrimental to the life of the plants. 

CHEMICAL GEOLOGY. 

A large number of interesting details remain to be considered, con- 
cerning which a quantity of illustrative material has been gathered, but 
which must be very generally treated within the prescribed limits of the 
present chapter. Much of this material requires careful chemical anal- 
ysis for its complete elucidation, and this it has been impossible to pro- 
cure, though the author indulges the hope that opportunity for its elab- 
oration at some time in the future may yield valuable results in a depart- 
ment of geological science which assuredly deserves thoughtful consid- 
eration on the part of investigators. In the foregoing pages of the sec- 
tion relating to dynamical geology, very little has been said of the 
cliemical changes which have taken place in the rocks since their depo- 
sition or of the important products which have resulted from chemical 
action. 

The remainder of this chapter is, therefore, allotted to these subjects, 
including also some of the more important effects produced by the action 
of the atmosphere. So classification can well be adopted, and the 
various effects will be taken np in convenient order without regard to 
perfect system. In order to partially supply this lack, minor headings, 
in italics, are introduced for greater convenience of reference. 
H. Es. 285 12 
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WEATHERING OF ROCKS. 

It will uot be ueeeasary to speak in a detailed maimer of tbe olisirac- 
teristic modes of weatlieriog of tbe raeka of the various formations, but 
there are certaiu peculiarities in the effects of climatic and other influ- 
ences upon special layers iu some sections, which are of suffteient impor- 
tance to merit attention. 

O^aoiie in Hie atmospliere. — Many of the sandstones of the Green River 
group of Eocene beds, though white inside, weather reddish upon the 
exposed surface. The mere presence of iron in this rock seemed insuf- 
ficient to accouut for the very loarkcd change in color, but for several 
days no clue was obtained toward any more satisfactory solution. While 
engaged with Dr. Heizmau in some preliminary analyses at our camp 
on Little Sandy Kiver, I noticed that blue litmus-paper rapidly reddened 
upon exposure to the air, even when moistened with ammonia. Dr. 
Heizman, then and subsequently, kindly made several tests for ozone 
with iodized starch-paper, and found it abundant. This, then, may 
account for the excessive oxidation of many of the rocks of the Green 
Eiver basin. This action is also noticeable iu other sections where sim- 
ilar beds are exposed, but it seems to be mainly confined to the more 
compact beds, which, is, perhaps, onang to the fact that the more friable 
beds become more rapidly disintegrated and crumble before they can 
become colored. This i^ill also explain the otherwise remarkable fact 
that the reddening effect is seen only upon those rocks not verj- highly 
ferruginous, though oxidation has taken place much more extensively in 
rocks highly charged with iron. If we seek to account for the presence 
of so great an amount of ozone iu the atmosphere, it seems probable 
that it is due to the strong wind-currents or to some peculiar electrical 
condition of the atmosphere not accompanied by sufficient heat to pre- 
vent its aecumuhition. 

Concrcfiominj >itniftm-€. 

It is iu the Tertiary rocks especially tliat the must iuterestiug exam- 
ples of nodular aud coucretiouary forms may be found. 

It would be no easy matter to euumerate the various peculiarities iu 
the modes of weathering which have been induced by this structure, 
much less is it possible to describe more than a very few of the leadiug 
varieties, withiu the narrow limita of this section. In the Bridget group 
of beds large quantities of siliceous material arc found, sometimes in 
compact cherty layers, but ofteu in nodular masses, aud frequently iu 
concretionary forms with concentric or coneentring layers. Sometimes 
these are lined with minute crystals of quartz, being iu effect roughly- 
shaped geodes ; others are little more than the fillings of cavities of 
irregular form, without separation into bands. Again there will be seen 
a huge concretion, composed of alternating layers of sandstone and 
intrusive chalcedony, the latter partly in " tears," partly massive or eveu 
crystalline. Very often in arenaceous and marly beds the concretionary 
structure appears almost to be entirely induced by the weathering of the 
rock, the oxidation of calcareous or ferruginous material giving rise to 
more or less concentric bands of color. 

In the sub-Tertiary rocks concretions are often common. The Niagara 
limestone contains jasper^ flakes and " drusy " cavities filled with beauti- 
ful agate concretions; clay ironstones, sometimes with plant-fossils, occur 
iu the Cretaceous beds near Gray Bull Eiver and at other pointsj and 
geodes of calc-spar are abundant in nearly all of tbe sedimentary rocks. 
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The volcanic rocks are very well supplied witb these secoudary form- 
ations, as instance the botryoidal geodes of the Yellowstone Eiver, men- 
tioned in the last chapter, and the great variety of interesting forma 
associated with the masses of silicifled wood at Amethyst Mountain, on 
the sonth of the East Fork of the Yellowstone. Even the geyser 
deposits sometimes take on the concretionary, or, more jjroperly, the 
concentric structare. 

The principal forms of concretions will be found more fully described 
in the chapters relating to stratigraphy, under the heads of the different 
formations. 

Influence of climaiic conditions. — In winter the temperature of this 
region is severe bat steady, and the surface is mostly covered with 
snow, which protects it to some extent from the effects of the various 
weathering influences. In the early spring and late fall the action of 
frost, in rending apart the rocks and enlarging the flssnres, becomes an 
important element among the numerous dynamical agents, and it is 
probable that the alternate freezing and thawing which takes place at 
these seasons is productive of a large part of the weathering effects 
which are exhibited upon a scale of great magnitude in many parts of 
the district. Positive proof of the workings of this force from actual 
o68en;a(ions are wanting, but no one at all familiar with the ordinary 
results of such action will' be disposed to doubt the propriety of the 
above statement when told that the necessary conditions of thawing 
and ireezing are present during a large portion of the year in a high 
degree of intensity. Evidences of the slight movement of large masses 
of rock from the original positions by some force of this nature are very 
common. Some excellent examples of this action may be seen in the 
Wind Eiver Monntains, particularly in the neighborhood of the nucleus, 
though it would be difiicult to name a single rock-exposure in the whole 
district where such effects ate not visible. Any person at all familiar 
with this process and its results in places in which freezing cart tate 
place only during a small portion of the year, will be prepared to recog- 
nize the dynamical importance of this agent in a country where there 
are but few nights, even in summer, during which the temperature does 
not fall below 32° Fahrenheit. In the central jwrtion of the Wind Eiver 
range the profound chasms have oft«u been choked with immense accu- 
mulations of angular granitic bowlders which could never have beeu 
thrown down from positions in the cliffs without the intervention of the 
force produced by the expansion of water in assuming tlie solid condi- 
tion. Steep cliffs of tlie Quebec group and the Niagara dolomite are 
almost invariably accompanied by large blocks at their base, which 
have thus been ibrcedi from their original places. The same features 
are observable in jointed exposures of the rocks of all the formations, 
but not always to the same extent. In many of the Tertiarj' rocks, as 
well as with some of the members of the metamorphic series and in cer- 
tain argillaceous beds of the intervening formations, the strata are tra- 
versed by very numerous joints, which in a measure prevents the accu- 
mulation of water in the crevices for the formation of ice, and also leaves 
in the talus much less convincing proof of its mode of origin. 

In the volcanic conglomerate in a large number of places there are 
good-sized cavernous holes, sometimes high above the ground. It is pos- 
sible that some of these at the bases of cliffs may have been formed by 
wave action upon the shores of Miocene lakes ; but many, and by far 
the greater number, have, undoubtedly, been caused by other agencies. 
Kot a few show pretty clearly that they are the result of the action of 
freezing water in fissures, which has caused large masses to be dis- 



Hosted by 



Google 



180 EECONNAISSAN'CE OF NORTH WESTEI!^' WYOMING. 

lodged at the weaker points from time to time witLoiit affecting the bulk 
of the rock ailjolDiug the crevices. The alternate expansion and cin- 
traction of the rocks by differences of temperatnre in the days and the 
nights is, doubtless, of great consequence as a dynamical agent, although 
the actual effects produced are usually very difficult to ascertain. lio 
special facts have been collected whicti can be oflereil with entire con- 
fidence, but the following remarks will enable the reader to form some 
general idea of the influence which these thermic clianges must exert 
uiToa the rocks of this section : The difterence between the day and 
Dight temperature {i. e., niaximum for day, minimum for night) upon the 
plains diiriDg the summer months is frequently as much as 30° or HP, 
and it often becomes as great as 50° duriug the month of August. Br, 
Livingstone* reports that the rapid contraction by cooling of rocks in 
Africa heate<l to a temperature of 137° Fahrenheit during the day, was 
sufficient to cause the breaking off of masses weighing even two hun- 
dred pounds in some instances. It may at least be suggested that this 
cause has been iiistruniental in the weathering of the rocks iu the Eocky 
Mountain region to a greater degree than, has generally been supposed. 
Summary. — In general, it may be remarked that the Tertiary rocks 
show the effects of erosion and weathering much more clearly and ex- 
tensively than the earlier rocks. This is due to two things : the greater 
activity of the eroding agencies, and the more fragile aud soluble nature 
of the later horizontal strata. Another prominent cause is the rather 
abundant presence of formative and protective agencies in the moister 
mountiiinous districts, which are almost entirely absent upon the plains. 
Again, in the mountains there is greater resistance to the exercise of 
mechanical force, while below the chemical action is also increased, so 
that, upon the whole, the later series is exposed to far greater destruc- 
tive influence, at the same time that its powerof resistance is very small 
in proportion to that of the more ancient deposits. 

CHEMICAL CHASGES AND PKODUCTS. 

As before stated, a clear and comprehensive elucidation of the impor- 
tant subject of chemical geology cannot be given in these pages, but 
the present chapter would be incomplete without some reference to the 
more prominent changes resulting from chemical action, both in the 
direction of degradation of ancient deposits, and the accumulation of 
new formations from their waste. Hitherto, the chemical or physical 
processes of solution, condensation, evaporation, and precipitation, have 
been scarcely mentioned, in order that their effects might be more sys- 
tematically considered in this portion of the report. For the sake of 
convenience, rather than from any natural method of arrangement, 
these subjects may be taken up in the order which has just been given. 

Solvent action of water. — As water, in its passage over the rocks, 
takes from them the more soluble ingredients, its power to effect similar 
changes upon the rocks afterward met is more or less modified, accor- 
ding to a variety of circumstances. On this account it will be best for 
us to begin at the sources of the streams in the mountains and follow 
them down across the plains, that the ascertained results may be more 
clearly understood. Chemically speaking, there are two classes of 
mountain streams, which may be productive of somewhat different 
effects in the way of solutiou of the mineral ingredients of the soil and 

• " Zamhesi," pp. 493, 516. Quoted in " Manual of Geology," Jukes Sl Geikie, {tbird 
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the rocks. To the first group belong those which are the direct prod- 
ucts of the melting snows, iind which pass off quickly to the plains over 
the surface of the ground. The second division comprises those which 
proceed from springs, in which the water has percolated through the 
soil, and has become partially saturated with the more soluble sub- 
stances. In the region of the Eoeky Mountains, where snow lies in the 
higher ridges almost perpetnally, it is seldom possible to separate these 
two classes of streams, for very soon they will be found united in the 
same channels. There are, it is true, in the Yellowstone Basin, some 
important streams which proceed from springs alone; bnt in nearly 
every instance of this kind, the water passes for many miles over rock 
which is practically identical, mineralogically, with the formation in 
which the springs occur, so that the observed ell'ects are much the same 
as in the snow-fed streams, which traverse the same district. A nota- 
ble and not unimportant exception must be made in the case of the 
prominent aqueous prodncts of the geysers and hot springs, which will 
receive special attention. 

The extensive accumulations of decomposing vegetable matter in 
most of the mountainous districts furnish favorable conditions for the 
absorption of carbonic acid by the water, and this has no doubt had 
much to do with the excessive erosion which has taken place in the 
limestone ex[)osures, and it may partly account for the general emerg- 
ence of the streams from the mountains through caiions cut in the 
limestone. The absence of thick accumnlations of soil is a very notice- 
able feature of a large part of the country, and this is due to the solu- 
tion of the limestone, which is then carried off by the streams. Upon 
reaching the plains the waters become saturated with the mora soluble 
mineral ingredients, though in seasons of freshets this may not take 
place until the stream has traversed the open country for a long dis- 
tance. The water at this stage will contain alkaline carbonates which 
will have increased its solvent power, and even silica will be attacked 
and dissolved. In the Tertiary rocks there are many eherty beds and 
layers of the more soluble forms of silica which thus add their quota 
to the amount. In ilood-seasons the banks of the streams are over- 
flowed, and [xiols and small ponds are left in low spots when the cur- 
rent subsides. Bains and melted snow-water pass down through the 
crevices of the rocks, and the same ingredients are esti'aeteil, but with 
less of variety in each e*se than will be found in running water which 
has passed over many diftferent rocks containing a great assortment of 
minerals. 

Suitaranean waters. — The presence of limestone-beds in such great 
quantity as to form the bulk of the Paleozoic and Mesozoic rocks as 
well as the regular but extended tilting of the strata, has produced 
fissnrcs and underground passages, since enlarged by the waters, through 
which the drainage of the country is now partly effected. When tSe 
streams from these subterranean channels reach the surface in limestone 
districts, or in places where carbonic acid is forming from the decomposi- 
tion of carbonates or of organic matter, bubbles of this gas {CO2) are sent 
off in quantity. Springs of this kind exist in many parts of the Yel- 
lowstone Basin and in other portions of the volcanic district. Yellow 
Water Creek, a sonthern tributary of Gray Bull Kiver, originates in a 
chalybeate spring which is very highly charged with carbonic acid. The 
hot springs below Gamp Brown also evolve considerable quantities of 
this gas. Several cold sulphur-springs issue from the Tiiassic and other 
rocks containing gypsum as a deposit or in process of formation by the 
decomposition of pyrites. Xear the left bank of the Little Popoagie, 
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EtDdalso at Camp BrowD, thick oil issoes from tlie eartb, probaljly con- 
nected ill some way with the Oretaceons coal or lignite beds not far dis- 
tant in either case. Both of these springs are located within or near 
a promineDt fold involving the Subtertiary strata. At our camp on 
Spring Creek, at the southern base of the Owl Creek range, several 
springs of bitter " alkali " water afTorded the only means of qnenching 
thirst. Sour Creek entering the Yellowstone above the falls, from 
the right bank. Warm Spring Creek, nearly opposite, and all the promi- 
nent streams of the geyser basins, are highly charged with mineral 
ingredients hold in solution, largely the result of the action of subterra^ 
nean waters. 

As might be inferred from the horizontal disposition of the Tertiary 
strata, and from theirextensiveerosion into bnttes and benches, springs 
are seldom or never present over the area occupied by them, except in 
cases io which they nijiy originate in other formations and reach the 
surface through the Tertiary beds, 

The most important and extended results of the action of underground 
water are exhibited in those sections where heat has accompanied its 
movements, as in the geysers and hot springs of the National I'ark 
which fell to be described in a subsequent portion of this work. 

EemUs of condensation and evaporation. — In the Tertiary districts the 
surcharged streams, and particularly the stagnant pools produced by 
the overflow, soon become condensed by the heat of the sun and the 
drying action of the wind. In soils which are not argillaceous, or in 
those which are covered with turf!, this results in the production of a 
sirupy saline liquid, and finally. If the evaporation he sufficiently ex- 
tended, the so-called "alkali" deposit is formed. In clays the evapo- 
ration is retarded and chemical changes doubtless take place contin- 
ually. If the sahne accumulation be excessive, or if the evaporation he 
insufflcient to dry the clay, a bog or slough is the resnlt, and these are 
commonly known as "alkali hogs" and "alkali holes." Along the 
edges of the streams and upon the overflowed grass after the receding 
of the waters, a deposit is formed which is usually reddish or brown at 
first, from the presence of iron, becoming white or grayish upon expo- 
sure to the air and drying. This is usually called "alkali," although 
it frequently contains scarcely a trace of potassa or soda. A specimen 
of this deposit gathered by myself on June 20, 1873, from a fresh accu- 
mulation on Little Sandy River, was qualitatively analyzed the samt^ 
day by Dr. Heizman and myself with tlie following result : 

Alumina, very abundant. 

Magnesia, in considerable quantity. 

Lime, in small quantity. 

Iron, small amount. 

Carbonic acid, considerable. 

Sulphuric acid, very abundant. 

In a peculiarly weathered concretion exposed in a bluft' or butte near 
the same locality a quantity of siliceous marl was inclosed by a deposi- 
tion of ehalcedony in " tears." An analysis of the marl yielded : 

Alumina, in considerable quantity. 

Magnesia, in considerable quantity. 

Lime, abundant. 

Iron, small amount. 

Silica, basis of the marly deposit. 

Carbonic acid, in considerable quantity. 

Sulphuric acid, in considerable quantity. 
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The very large quaDtities of " alkali" which exist so widely over the 
plains as an efflorescent deposit have probably been formed by the 
evaporation of former extensive lakes and ponds left over the Tertiary 
basins by the draining of the ancient lakes which once covered the 
whole area. Some of these deposits are of great thickness, bnt none 
worthy of more special notice were met upon our line of march. The 
same process is in operation at present, as described above, but the re- 
sults are small when compared with what was accomplished in ancient 
times, because the streams now carry off the greater portion of the sol- 
uble materia]. In these old pouds also are found the readily soluble in- 
gredients as well as those which are sparingly soluble, while the streams 
leave behind only the substances which are not so easily held in solu- 
tion. 

The various deposits of the hot springs and geysers to be hereinafter 
described might properly be discnssed under this head were it not more 
convenient to consider them in a chapter by themselves. 
_ Precipitation. — The only prominent example of uudoubted precipita- 
tion occurring iu a natural aqueous solution along our line of march 
T^as noticed iu a portion of Yellow Water (Jreek.* The water is slightly 
alkaline, and contains or receives a large amount of iron from an ore- 
bed near its source. Much of the iron is precipitated as ferric hydrate, 
(FCi O^, Hi O.) This settles to tlie bottom, but it entangles carbonic 
acid which struggles, as it were, to free itself, thus lifting the precipi- 
tated mass toward the surface a little way. A few rods below, the water' 
becomes clear and more jialatable, from which it would seem that the 
iron had by this titne exhausted the alkaline principle so that the pre- 
cipitation can no longer take itlace. This phenomenon is very interest- 
ing and quite remarkable. 

itfothing but the absolute necessity of completing this repart within 
the allotted time has compelled the omission of not a little iu the way 
of facts bearing upon the important subjexits of this chapter. An en- 
deavor has been made, however, to introduce those facts and observa- 
tions of the writer which are of the greatest interest, and such as will 
most aid iu comiectiug together tlie several parts of the report in a har- 
monious whole. 



CHAPTEE IX. 

TliERMO-UYNAMICS— IGNEOUS ROCKS AND HOT SrRLVGS. 

Voloaiiio nction — Fissate anil crater eruptions — Thermal springs: 1. Turbid Lake 
fjroiip; H. Steamboat Rroup; III. Green Spring, Sulplinr (!) Hills, &c.; IV. Mud- 
volcanoes and t'rat*r-Hill5 ; V. Forest group ; VI. Wayside gronp, &c. ; VII. Kath 
Spring, near Ctunp Brown. 

In this and the three succeeding chapters, we shall have to deal with 
subjects which might appropriately have beeu discussed iu part in each of 
the four or five preceding chapters, but which, from a certain special 
interest that attaches to them and for other obvious reasons, may be 
more satisfactorily considered separately. It is fitting that this review 
should occupy the position here given it on account of its historical and 
dynamical relations, both of which have been of the greatest moment in 
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sbapiDg the physical features of a vast expanse of western territory, 
and often in the production of deposits of economic value. 

In several places iu the course of the discussion of subjects counected 
with stratigraphy and dynamical geology, in the previous pages of this 
report, it has been necessary to refer to topics which are now to be con- 
sidered J but in no case has any subject of this nature been treated with 
any degree of completeness. It is hoped that the material presented in 
these two chapters will prove at least as interesting and valuable as 
that of any chapter which has preceded them, although evidences of haste 
in their preparation cannot be avoided. 

The subject of tliermo-dynamics, or the final effects and the passing 
phenomena of heat-action, naturally divides itself into four heads in 
the region embraced by our reconnaissance. These are: 1. Fissure- 
eruption; 2. Crater-eruption ; 3. Geyser action; 1. Hot-spring action, 
including also soJ/ataras and fumeroles. This arrangement is based 
upon the general chronological sequence of the phenomena, and it will 
be seen to represent successive stages in the diminution of thermal inten- 
sity. For reasons that may be apparent to those who have followed 
the author through the preceding pages of this report, the above order 
will not be strictly observed in spealiiug upon these topics, but an efl'ort! 
will be made to treat the subject in such a" manner as to accomplish the 
best results possible in a limited space. 

VOLCANIC ACTIOS. 

The proper treatment of the highly interesting subject of the history 
and dynamical effects of the ancient volcanic action would require more 
time and space than can be devoted to its discussion in these page^. 
A review of the history will be found in portions of cliapters IV, V, and 
VII, reference to which may be made with little diflicnlty, and it will, 
therefore, be unnecessary to repeat it here, though some additional de- 
tails may be given for the sake of clearness. 

Prof. Joseph Le Conte, of the University of California, spent a por- 
tion of the summer of 1873 in the fleld-study of the volcauie rocks west 
of the Eocky Mountain chain, and his views, which have been iiublished 
in the Avierican Journal of Science, March and April, 1874, are iu many 
respects identical with those held by myself concerning the history of 
their accumulation. There are many unsolved prpblems counected with 
this sul)ject ; but the backbone, as it were, of the history seems now to 
have been largely determined, and with this key to the structure the 
labors of future investigators will be iu a measure simplified. 



The eailicst outllows did not pass over smooth surfaces, apparently iu 
all cases, but they appear to have met with large bowlders strewu over 
the surface and with growing timber and other obstructions, which were 
cemented together by the igneous material into thick beds. It is prob- 
able that masses of the sedimentary beds were occasionally ejected also 
from the fissures, but I am obliged to differ with Dr. Hayden as to tlie 
extent of such effects. In his report for 1871, page 138, he remarks : 
" My impression is that when the old volcanoes disgorged their con- 
tents into the great lake of wat«rs around, they threw out also por- 
tions from the sedimentary formations, and thus the silicified wood 
comes from the Tertiary or Cretaceous beds, which may have formed the 
upper part of the walls of the crater. To my own mind, there are sev- 
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eral protuiueDt objections to this belief; but first, it wili be well to explain, 
more fnlly thau has yat been done in these pages, some of the leading 
tiharacteristics of the conglomerates in which the immense deposits of 
silicifled wood arecoutained. In some respects the lower deposits of con- 
gJomerate differ from those of later origin ; but tlie dissimilarities are not 
of sufficient importance to justify the belief that they have been formed 
under very dift'erent circumstances, except, perhaps, in the case of the 
earhest beds, which often contain many more fragments of the nieta- 
morphic and sedimentary roclts than are usually found In the higher 
beds. 

The later conglomerates also lie, for the most part, in a nearly horizon- 
tal position, while the lower beds follow quite closely the irregular con- 
tour of the surface at the time of their deposition. It is very difficult 
to conceive of the condition of the surface at the period of the later out- 
flows ; nor would it be wise to attempt wholly to explain all the observ-ed 
phenomena without a mucli wider Irnowledge than is at pre-oent pos- 
sessed of the distribution of the various volcanic formations. No other 
explanation of the horizontality of the upper conglomerates seems at 
present admissible than that they were deposited, or, at least, arranged, 
under water, as Hayden has observed. This is partly proved bytlie 
occurrence of intervening layers of sands and clays at various points ; 
but it must be acknowledged that many of the facts are not easily 
accounted for upon this hypothesis. 

Often quite large masses of the Tertiary and other strata are inclosed 
in the cement of the breccias; and these ai-e frequently composed of 
thin layers, which have not been separated from each other, as must 
have been the case had they been forcibly ejected. These sedimentary 
beds, often containiug plant-remains, (Miocene probably,) are also usu- 
ally disposed horizontally, and, even when mnch broken and widely 
separated, a certain continuity can be traced, which proves, beyond the 
shadow of doubt, that they have been covered where they lay before 
the volcanic outflows took iilace. It is, then, highly jirobable that the 
semi-aqueous breccias and conglomerates, being thrown out into large 
bodies of water covering the sedimentary strata, have disrupted tlie 
latter iu places, leaving other portions to be inclosed by the igneous 
material in situ. 

The silieified wood exists iu enormous quantities in many of the vol- 
canic breccias and conglomerates; and thousands of excellent specimens 
may readily be obtained beside which the ordinary fragments so often 
preserved in museums will sink into insignificance. In many instances, 
large iogsaudstumpsoftreesarefonndentire; and examples have previ- 
ously been given of the existence of the upright trunks of trees in some of 
the l>eds. i'rom Amethyst Mountain I obtained pieces which bad been 
wonn-eaten, before becoming fossilized, and several logs were observed 
which had been worn very smooth by water-action previous to the change. 
In both of these cases there was every reason for believing that the wood 
had been rather suddenly acted upon, and that it had not beeu formerly 
dei)osited as a sediment; for the worin-holes had apparently never been 
mied by mnd, and the water-worn logs had the appearance of recent 
drift-wood. As for the large majority of the silieified logs and stumps, 
I am quite confident that they were contemporaneous with the igneous 
deposits in which they are now inclosed; and this opinion is based npon 
a much greater amount of evidence than can be presented here with- 
out detriment to other portions of the report. There are other more 
fragmentary accumulations of this material in the later strata, which 
liave probably beeu formed to some extent by hot-spring action, and 
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in tbese menUUe is not uncommoQ. The process of silicificatiou, Id my 
opiDioD, so far ae the balkier masses are concerned, has been that of 
the infiltration of silica by means of water percolating through the 
igneous material j for cavities in the wood and in adjacent i)ortion8 of 
the conglomerate are now very often lined with perfect quartz-crystals 
in great variety of color and arrangement, particidarly in the vicinity 
of Amethyst Mountain, on the left bank of East Fork of the Yellowstone 
Eiver. Quite commonly, the wood shows signs of charring or of lesser 
heat-action upon the ontside, which cannot be explained unless we 
adopt the conclusion that it was not mineralized at the time of the 
igneous ejections. Often, large cylindrical masses of very beautifnlly- 
banded opal, of richly-variegated colors, will be found in cavities with 
an exterior and interior resemblance to wood ; and these very frequently 
present an irregular surface across one end, as if the tree or log had 
been broken in two by the force of the flow, leaving a fractured end 
upon which the concretion was formed and continued beyond the wood. 
In other eases, it appears that the wood was nearly or quite consumed, 
but so slowly that an impression was left of the exterior in the volcanic 
cement, to be afterward filled up with silica with more or less of a con- 
cretionary strncture. In this way, as well as in cavities formed bj- other 
means, geodes and other concretionary forms have been produced ill 
quantity with almost every conceivable variety of structnre and coloring. 

The position of the ancient Assures cannot be accurately determined 
except by extended observation. Dr. lie Coute, as the result of special 
observations in Cregon and westward, is convinced that the principal 
fissures in that section were located in the Cascade and Bine ranges ; 
but it is probable that others, perhaps of less importance, existed east- 
ward from that region. There is yet the greater part to be leai'ned con- 
cerning the deposition of the beds suiTouuding the Yellowstone basin ; 
and it is with some slight hesitancy that the following views are ad- 
vanced, although they appear to be well supported by the facts so far 
as they have been observed. The author hopes yet to do more thorough 
work in thisintenselyinterestingfleld; but, in the meantime, it will not 
be out of place to record here some opinions, which may serve, in some 
measure, as a basis for future investigations. So far as I am aware, 
these views do not very widely differ from those held by others who 
have traversed a portion of this field. In brief, then, it seems evident 
that the topographical separation of the Sierra .Shoshone mass from 
the volcanic district to the westward is no less a disjunction, geologically 
considered. It is barely possible that the Yellowstone Lake basin as 
such was of pre-volcanic origin ; but this is, to say the very least, 
extremely improbable. I think there can be little doubt that Miocene 
fresh-water lakes extended over a large portion of the area now cov- 
ered by the volcanic rocks cast of the Kooky Mountain divide, though 
the deposits of that age have been so covered and disarranged by the 
subsequent igneous outflows that it is now next to impossible to trace 
the boundaries of the separate basins. 

Eichthofen, who has proposed a minute classification of the fissure-ejec- 
tions, claims that the succession of these rocks is fixed and in the fol- 
lowing order, beginning with the earliest formed: l,FropyUte; 2,An- 
desite; 3, Trachyte; i, BhyoUte ; 5, Basalt. The fine exposures in the 
deep-cut caiions aftbrd excellent opportunities for the settlement of this 
subject ; for it is possible.to obtain a nearly complete vertical section of 
the whole series, although this will require careful and extended investi- 
gation. With the amount of study that I have been thus far able to 
give the large number of specimens which I have collected from these 
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beds, it is impossibleto offer much of value bearing upon this question ; 
but it maybe said, in a general way, tbat tlie order of euceession of such 
of the layers as appear without doubt to represent the fissure-eruptions 
is not unlike the above in the district under consideration. The classi- 
fication proposed by Baron Eichthofen separates varieties of igneous 
rocks which may, in one or two instances, be too closely allied to admit 
of such distinction ; though too little is known of the mineralogical rela- 
tions of all these rocks to enable a more natural system to be adopted. 

The lowest conglomei-ate bed is propylitic, i. e., it is cemented with 
propiflite; and the overljing lavas, as exposed in the lower portion of 
the cahon of Nortli I'ork of the Stinking water, are propylUe until the 
region of dikes is reached, when an^eaite comes in, apparently having 
broken through the propylite by new fissures in places. Above thelatter, 
as a rule, occur thick beds of mnidin-trachyte, or tracliyte-^orpUyry, con- 
taining crystals of sanidin. The rhyolite beds, probably, iu moat eases, 
overlie these, and these are succeeded by layers of basalt, often columnar, 
and sometimes brklc-jointed. There are many intermediate varieties of 
these rocks, including compact and cellular, porphyritic and amygda- 
loidal, quartzose and felspathic, and the lavas are interspersed with 
tufaceous and other breci^ias frequently partly formed from the material 
of the preceding layers. 

Judging from sections exposed iu tbe Yellowstone basin and iu the 
valley and the caiion of tbe Yellowstone Eiver, it would appear that, 
after the deposition of the Miocene beds, the first outtiows of propylite 
had passed across this region, and probably a large part of the succeed- 
ing fissure-ejections, including tbe basalt-flows. I am strongly inclined 
to believe that at least one prominent fissure existed during the propy- 
litjc, andcsitic, and traehytie iwriods (and possibly during the period 
of basaltic eruption, though this is somewhat doubtful) at a point some 
miles east of tiie present watershed on the east of Yellowstone Lake. 
The location of this fissure need not have been permanent, however ; but 
it may have shifted its position at each period of action. The formation 
of the Yellowstone Lake basin, according to this view, is, then, readily 
accounted for by supposing the area now occupied by it to have been 
situated between the limits of an eastward and a westward lava-stream, 
which approached each other without meeting, except, perhaps, daring 
the earlier eruptions. 

It must be remembered that the fissure-action continued during a 
very long era, extending from near the close of the Miocene epoch uutil 
probably late Pliocene times, or perhaps even into the Post-Tertiary 
period ; and that, between each period of outflow as well as between each 
separate eruption, erosion of the surface was often very extensive. Add 
to this the subsequent erosion and obscuring of the structure by various 
agencies, and some faint idea may be had of the difficulty of obtaining 
a suflScient number of facts for safe generalization in a single rapid trip 
through the region. The ideas which have been here presented have, how- 
ever, been rendered possible by the peculiar and very fortunate course 
chosen by Captain Jones, which permitted a more extensive view of the 
district than is often obtained in a single season by exploring.parties. 

Several lengthy chapters might easily be filled with results derived 
from the proper study of notes and collections; but justice to other parts 
of the report, treating of subjects of equal interest and importance, for- 
bids the expenditure of more time and space upon this review. A few 
brief remarks upon the ^sults of crater- eruption will be all that can be 
given at present. 
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(!RATER-EEUPTIO>"K. 

A tniciug of tlie liues oC trend of tbe remnantB of itie extinct volcauie 
cones would scarcely represent tLe true positions of tbe aucieiit fisaures 
whicL have just been hastily considered. Taken together, and in con- 
nection witli tbe general history of tbe volcanic action, it may be said 
that the phenomena of crater-eruption were of more recent date than 
the fissure-ejections ; but it may be doubted whether all of the products 
of the cones have been deposited subsequently to those ot the extended 
fissnres. In other words, the crater-period, as we may call it, is chro- 
nologically later than the fissure-period; but active volcanic cones may 
have existed to a certain extent during tlie earlier period also. It has 
become a custom with some to refer every high peak in the volcanic 
district to the category of extinct craters, often with little or no regard 
to propriety; and I cannot believe that there have been as many such 
centers of emission in tbe region visited by our party as have been cnr- 
rently reported from that section. lu fact, the excessive erosion to 
which these rocks have been subjected since their ejection from the vol- 
canic vents has so obliterated the original craters that it would be 
very unwise, in many instances, to attempt their ideal reconstruction 
or restoration without the closest study. "Sailor" Peak, and many 
other similar high points in the Sierra Shoshone, numbers of which are 
in view from the elevations upon either side of the Stiukingwater Pass, 
have very probably formed parts of the rim of one or more craters ; but 
it would be the height of imprudence to afQrm that there had existed in 
this section a definite number of craters, or to attempt to define their 
limits, or even to determine their relative ages, without devoting a very 
great amount of time and labor to the investigation of these special 
subjects. 

There can be no iiossible gain in reporting, as fact, mere opinions 
based upon a cursory review of a district teeming with an overwhelm- 
ing amount of material for study, which it will require years of patient 
research to develop into anything like perfect system. Tbe present 
writer has had some slight opportunities of observation of recent but 
practically extinct craters, while twice passing qnite near to several of 
the principal islands of the Windward group, including Guadaloupe, 
Dominica, Maitinique, and tbe Barbadoes ; also, by two passing visits 
to the island of Saint Thomas. It is true that there are important 
points of difference between the phenomena of these widely-separated 
and iiou-synchronous accumulations; but it does not seem to me that 
these are snfQcient to account for all the differences in structure, if the 
ancient craters in Northwestern Wyoming were as numerous as some 
travelers have imagined. Oue prominent objection, to my mind, is the 
fact that in many of these so-called crater-peaks, not only the lavas, but 
tbe conglomerate and tui'aceous layers, are resting in a horizontal posi- 
tion ; and that their continuity in this manner can be often traced to 
some distance in the surrounding elevations. Besides this, the evidence 
which should exist in the form of broader valleys, or, at least, of uneroded 
expansions within the supposed rims, is too often lacking. 

Still, there is scarcely room for doubt that important craters have 
existed in this region ; and it is highly probable that the Sailor Peak 
and its neighboring elevations have once formed portions of one of these, 
subsequently to the last flssnreHow in that particular section. Near 
the head of the Yellowstone Lake, upon the eastern and southeastern 
boundaries, there are also indications of cones; but it is impossible to 
determine their true limits from a passing view. 
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The material of tlie crater-outflows of lava appears toiucliidememlters 
of both the felspatliic and augitic series; but it cannot be positively 
affirmed tliat some well-exiwsed sections (particularlv in the lower end of 
the Grand Caiion of the Yellowstone and in the magnificent gorge of Gar- 
diner's River, East Branch, below the high falls) do not exhibit inter- 
mingled crater and fissure flows. Obsidian of several varieties is quite 
common ; in some cases directly overlying the granites, and forming thick: 
layers, which have been denuded so as to leave prominent dark-colored 
buttes. This is not uncommonly spherolitic, sometimes a compact vol- 
canic glasa, splitting into flaky pieces, qaite generally porphyritic, and 
often iwssessing a more or less perfect columnar strnctnre, varying in 
color from reddish-brown to dark-brown and black. 

Very regretfully, this subject is thus summarily disposed of, although 
its farther elucidation is but a question of time devoted to the elabora- 
tion of material in the possession of the writer. Should future leisure 
allow of the completion of this work, it will be given to the public 
through the medium of periodical publications. It is necessary now to 
pass to the consideration of topics of more general interest by reason 
of their present siguifieance. 

THER31AL Sl-'KINGS. 

In order of time, the hot springs were iireceded by geyser-action ; the 
former beiug the representatives of a later stage in the gradual dying- 
out of the subterranean heat. It will be more convenient to reverse this 
order in the examination of their effects ; leaving the rather special 
pnenomemv of the geysers to be described in chapter XIII, which will 
be largely devoted to them. In the remaining pages of the present 
chapter, and in chapters X, XI, and XII, descriptions of the principal 
thermal springs will be given, incladiug also such cold springs as are 
the nndoubted relics of formerly heated basins or channels. This clas- 
sification of tbe results is founded upon extremes of activity, between 
which it is possible to discover a complete gradation, so that no well- 
marked line of distinction can be drawn to separate the two main divis- 
ions. 

The hot springs represent merely the quiescent state of the active gey- 
sers; and many of Ihe latter, when dormant, present no features which 
will enable one to determine their real character. It is, therefore, not 
certain that a few of the howls* which have been described heretofore 
and in this place as hot springs, are not in reality geysers, which have 
never been obser\'ed in action. In most cases, however, as will appear 
in the sequel, the important dormant geysers can be distinguished trom 
the non-eruptive bowls by the marks lelt upon the surface of the rim by 
the falling water. Where convincing proof of this nature exists, the 
bowls have been referred to the second division ; and they will be consid- 
ered in another chapter. 

For purposes of description, it will be advisable to deviate somewhat 
from the general plan of this report, and take up the groups of thermal 
springs in local order withont special reference to their phenomena or the 
com'position of their products. This method possesses more of system 
than wonld at first appear, because each locality is marked by the exist- 
ence of effects which are in a measure pecnliar to itself. We may begin, 

' The term boixl will be used iu tUia work to designate geuerally the basins orccatera 
of tbe bot spriogs and geysers, regardless of [form or size ; the Iterm 6ostn Iioing 
reetricteil to its more general use, as applied to a topographical division ; thus, river- 
tasiii, gfijHKr-hamit, &o. 
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tlien, with the first group which was met after our entrance into tlie 
National Park, viz, the salses and solfataras iu the vicinity of Turbid 
Lalje, reserving the Bath Springs below Camp Brown for some consid- 
eration at the close of this cbapter. 

I. — TURBID LAKE GROUP. 

Three visits were made by myself to this locality, including one night- 
camp near the shore of the lake, (see chapter I, special trip No. V.) The 
greater part of the data here recorded were gathered on the occasion of 
the second visit, made the day of the passage of the main party through 
this section, on the way to Camp 38, at the outlet of Yellowstone Lake. 

The first near view of this group of springs was had on the previous 
day, when I reached the spot at 11 a. m., hnt was able to gain but little 
information, as I was obliged to return immediately to Camp 37. At this 
time, little or no vapor was rising from the surface j but there was every 
indication that ebullition had taken place within a few hours ; for the 
ground was wet in many places around the bowls upon the lee side, and 
the inner surfaces of the bowls themselves above the then water-level 
were also quite wet. 

On the following day, (August 4,) I reached the locality at S.45 a* m. 
When two miles distant from the spot, the odor of sulphnreted hydro- 
gen iVom the steaming sulphur was plainly perceptible. When I arrived, 
there was much vapor arising from various points southeast of the small 
lake, and the odor was very strong. I^Tear the beach, there was a rather 
large, deep, saucer-shaped hole, containing muddy water in a vio- 
lent state of ebullition, (a, Fig. 27.) In Fig 27, b represents another 
spring not far distant, with a deep bowl somewhat longer than wide ; the 
sides being nearly vertical. This also contained boiling, muddy water, 
which produced a rumbling sound beneath the surface at one side, as if 
a subterranean chamber existed at that point. Occasionally mnd was 
spui'ted to a height of several inches; but in neither a nor b did any 
overflowing take place, though recent marks of such a flow were evident 
ui>on the side nearest to the lake. Little sulphur was appareut; but a 
vapor-vent at one side of b, not then in action, was lined with an incrus- 
tation of this substance, c is a cold spring, the largest and most power- 
ful in the group, boiling up fiercely iu themidst of the clear cold water of 
Game Trail Creek. This is evidently a snlphur-spriug, as the water of the 
stream becomes suddenly somewhat milky at this point, and the gravelly 
bottom is distinctly colored by it. The creek then flows along the edge of 
d, an area of small, raised vents, resembling diminutive volciinic craters. 
These have been formed by the breaking-through of the incrusted 
surface at points subjected to tension by the escaping vapors; and 
the area covered by them is an excellent model of a region of volcanic 
activity. Volumes of dense white vapor arose from these numerous 
orifices, and became condensed in part against the face of a ledge a 
short distance back from the stream. The whole area was underlaid 
by boiling and sputtering sulphurous water; and along the line of the 
creek, upon the edges and within it, there were both cold and hot 
bubbling springs, some of which were quite clear, others milky from 
suspended sulphur. In spots, where the springs were somewhat in- 
active and covered by nearly stagnant water, there has been precipitated 
a black deposit of ferrous sulphide, (Fe S,) which was doubtless formed 
by the slow action of the sulphur upon the iron set free by the decom- 
position of the vegetable matter which has there accumulated. A 
delicate green Cryptogam was found growing upon sticks in the hot 
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sulpliut region (J. According to Br. Ileizmaii's observations, tLe tem- 
perature of the liot springs of the Turbid Lake group varied from 180= 
F. to 192° F. 

Much drift-wood has been brought dowu by the stream at times, and 
lodged near the area of activity. Wherever tjiishas been soaked by 
the sulphurous water, it has changed color, at first assuming a yellow 
tint, then gradually becomiag brown, dark-brown, and finally black. 
The spring-deposits about this wood also become blackened to a great 
extent. Indescribable clusters of crystals, needle-shaped, of pure 
sulphur, are formed by condensation upou the roofs of the miniature 
caverns beneath the crust, where the heat is retained for a great length 
of time. Fragments of scoriaceous material, composed of snlphur aud 
other ingredients, with admixtures of various impurities, are scattered 
over the surface, appeariog as if burst from the crust by the sudden 
increase of tension attendant upon the periodical eruptions. 

There are good reasons for placing many of this group in the list of 
active geysers; but inasmuch as their projectile effects are not great, it 
has been thought best to include them among the hot springs. Few, 
ifanyof them, are entitled to be classed as perfectly clear springs; 
there being in this locality two principal kinds of turbidity, the muddy 
and the milky. The mud bowls, or the salsea, are situated at some 
distance trom the exposures of igneous rocks, with thick argillaceous 
deposits at the surface, through which the waters must pass in their 
exit to the outer air. The sulphur-vents, or solfataras, on the other 
hand, are, in the vicinity of the ancient spring-deposits, derived ftom 
volcanic rocks of the trachytic group, from which they may obtain the 
sulphur, alum, and other substances which they have deposited by 
sublimatiou, coudeusatiou, and evaporation in such large {jnantities. 

Concerning the periodicity of the action of this group of springs, a 
few facts only have been collected; but I was fortunate enough to obtain 
some data upou which to iound an opinion. About 3 p. m, of the 3d 
day of August, I first caught sight of Turbid Lake from a high point 
north of the Stiukingwater Pass, two thousand feet above the level of 
the springs. At that time, no vapor was rising from this spot, although 
the locality of the concealed Steamboat Springs, which emit much less 
vapor at any time tliau the Turbid Lake group when in action, could 
be plainly discerned by the vapor. On the following day, as previonsly 
-stated, I reached this locality at 11 a. m., and discovered that an erup- 
tion had occurred before my arrival. Upon the way, at least two honrs 
before reaching the place, I clearly distiugiiished volumes of white 
vapor issuing from the direction of the group, aud then the view" was 
obstructed by timber for the remainder of the distance. On the 4th of 
August, I found the springs in action at 8.45 a. m., and the emission of 
vapor had ahiiost ceased at 10 a. m. 

iteturniug to spend the night in this vicinity on the Cth of the same 
month, no notable quantity of vapor was visible, but during the night 
a hea^'y mist shut out the springs from view. When this had been dis- 
sipated by the sun, I again saw the springs in vigorous action before G 
a. m. From these observations, it seems reasonable to conclude that 
the increase of activity, or the eruptive throe, takes place in all the 
springs of this group quite regularly, beginning before 6 a. m. each day 
and continuing for at least four hours without interruption. It is pos- 
sible that auother period of activity may occur at night; but this I 
regard as exceedingly doubtful for good reasons, which it will be impossi- 
ble to give here. 
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II, — STEillBOAT SPRISG8 AND OTHERS. 

The Steamboat or Puffiag Spring and its associates are situated on 
tlie bank of tlie Yellowstone Lake, west of south lirom Tarbid Lake, as 
sbown in Fig. 27. At e, same figure, are I'opresented several stagnant 
Jakes, with a number of hot and wild. springs near Yellowstone Lake, 
which are apparently dying out, there being few signs of recent activ- 
ity. These may be included in this second section, on account of their 
close similarity, except iu intensity, to the Steam Point and Steamboat 
groups. At Steam Point, close to the lake-shore, there is a prominent 
spring, which emits much vapor, but it does not differ in any marked 
manner from the Steamboat group, either in its phenomena'or in the 
character of its deposits. EastwartI from the point a short distance, 
another small collection of evanescent solfataras occurs, which, in real- 
ity, belongs to the Steamboat group, from which these springs are sepa- 
rated by a minor ridge running down to the lake shore, composed 
mainly of ancient spring-deposits. 

Passing over this ridge, the trail runs above several more springs, one 
of which is the Steamboat, appropriately named from the peculiar sound 
emitted, which closely resembles the puffing produced by the escape of 
steam from the cylinders of a high- pressure steamer. This is caused by 
the passage of the vapor from a subterranean chamber, rrnder pressure, 
through a narrow orifice in the hard rock. A few rods farther up the 
lake, sulphurous vapor issues from a cavern, in conglomerate, with a 
seething noise, as it comes in contact with the waves, not unlike the 
sound produced by the escape of steam from the cylinders of a locomo- 
tive moving slowly. For purposesof distinction, this will here be called 
the Locomotive Spring. There are two or three other prominent springs 
at this point, one in nearly the same vertical position as the Steamboat, 
but with a larger oritiee, 

A general section of the rocks in this vicinity, given in Fig. 28, 
will render more clear the explanation of the facts here observe<I, and 
the probable relations of these springs to those of the Turbid Lake 
group. 

An esamination of this section will show that the origin of the salses 
and the solfataras is probably not distinct, liut that the nature of the 
surface-rocks has very much to do with the character of the spring- 
deposits. In the Turbid Lake solfataras, silica is not a very common 
ingredient, but it is found in large quantities in connection with the ori- 
fices of those springs which pass wholly or partly through the thick 
mass of ancient hot-spring formations here overlying the lower con- 
glomerate. The salses a and b encounter this substance also iu the 
beach-deposits, K, which there form tlie surface-beds ; but the various 
deposits of these springs are very much mixed on account of the con- 
stant stirring of the mud by ebullition. 

The recent deposits of the Steamboat group contain soda, sulphur, 
iron, silica, and alumina. Carbonic acid is given off from the dried mud 
of H, when treated with chlorhydric iicid, but not in large «]uaDtity. 
Sulphur is less common than in the solfataric area (d) of Turbid Lake, 
but it is still a characteristic ingredient of the clearer springs. Salses, 
properly so called, are not present, except near Steam Point, as the 
water in the simmerera bubbles up through the siliceous mud so gently 
as not to render it turbid in most eases. 

It will be noticed that the present open cavern from which the Loco- 
motive sends out its vapor was probably at one time subterraneous, like 
the underground swell of the Steamboat channel in the conglomerate. 
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The action of the waves upon tie shore is gradually converting the 
Steamboat and other springs into Locomotives, and the Locomotive into 
a boiling spring in the midst of the lake, several of which already exist 
at different points. 



Iks. 







111 



Sufhcient I ti I i ui Mn^ it a satisfactory conclusion in regard to 
the periodicitv ot the it,tion of these springs are wantiug at present. 
Some obsenations ha\e ltd me fco surmise that the emission of vapor is 
more constant oi ot more fiequent recurrence than in the case of the 
Turbid Lake group. At any rate, there is no good reason for believing 
that any underground connection exists between the two groups. It 
seems probable, also, that while the Steamboat and Steam Point 
Springs may be subject to nearly the same influences, the group repre- 
sented at e, Fig. 27, is not connected with either. This view is little 
H. Ex. 285 13 
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better than a mere opiuion, however; though it may be stated that the 
members of the latter gi'oup were not observed iu vigorous action at 

the time of my visit. 

III. — GKEBN Sl'EING AND SULPHUR (!) HILLS. 

Less thiiii two miles beyond Turbid Lalie our trail crossed Pelicau 
Creek at a point where there occurs upon the right bauk an extensive 
bed of hematite, (Fe^ O3,) of the variety eisenrakm, or red ockre, which 
is evidently the result of deposits from hot chalybeate springs. An 
iron-spring of cold water empties its contents into Pelican Creek at the 
crossing, but little or no precipitation takes place. The Indians use 
the material as a paint, and much of it has been taken from the spot, 
although our discovery of it was new to the whites. 

At the farther edge of this deposit is a magnificent hot snlphur- 
spring, the stream from which Sinks after running a few rods, then 
passes over the surface again along the edge of the ore-bed, finally dis- 
charging into Pelican Creek. Tbe temperature of the water, according 
to Dr. Hcizman, is 104"^ F. Large quantities of a slimy, green Cryp- 
togam grow in the bed of the stream, which suggests the name Green 
Spring proposed at the head of this section. The study of this locality 
bids fair to prove of great interest; for there are developments here 
which cannot be elsewhere observed over the whole region. The hot 
springs in the valley of Pelican Creek, near the junction of the Three 
Forks and above, upon the main branch, possess a certain degree of 
interest, but they are removed frorn the region of great activity, and 
may be included in the present division on account of their minor 
importance. 

The mineral products of Green Spring are mainly iron, sulphur, and 
silica; the iron being apparently of small moment, so far as the accumu- 
lation of a ferruginous deposit is concerned. There is, however, much 
ground for the l^lief that this substance is of great importance in con- 
nection with the growth of the above-mentioned Cryptogavi. Nowhere 
near any of the hot springs of this region was there found such an 
extensive ferruginous deposit as at this place ; and the deep-green color 
of this vegetation was here especially noticeable, as weU as the luxuri- 
ance of its growth. In many other cases, the amount and exuberance 
of similar oryptogamic forms was remarkably proportioned to the 
quantity of iron present in the waters. No opportunity is here afforded 
for the production of crystals of sulphur by the process of sublimation ; 
there being scarcely any vapor produced. The actual amount of sul- 
phur accumulated is not large, though a small quantity is carried off in 
the wat«r of the stream. A measurable portion is precipitated as milk 
0/ sviphur, and retained in hollows in the rough bed of the more quiet 
portions of the stream. Silica is a common ingredient, forming a beau- 
tiful stalagmitlc arrangement by gradual accretion along the bottom 
and the sides of the outlet, affording an excellent attachment for the 
slimy vegetation. 

Sulphur Hills is the quite inappropriate title which has been given to 
a very prominent ancient group of hot springs not characterized 
particularly by the presence of that mineral. At this point, there are 
three deep basins or hollows between ridges of the old spring-deposits, 
in each of which there is a small group of springs. 

From the west side, a powerful stream has issued at one time, drain- 
ing oft' the surplus water by a series of interesting cascades. Through- 
out the whole section between this spot and Green Spring, there has 
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Ijeen, during a recent geological period, and probably witbin tlie histori- 
cal epoch, a degree of activity greater than is at preseat manifested 
anywhere iu this Ticioity ; and yet it does not appear that the existing 
phenomena are materially less than they have been for very many years. 
Small springs at the very bottom of these pits have formed about their ori- 
fices deposits which are clearly the reanlt of long-continued action, while 
there is unmistakable proof that the present level of some is from 
twenty to fifty feet, at least, below the outlet of comparatively modern 
ponds, which once occupied the basins. The present outlets are largely 
of later origin. The history of the acenmulatioii of the extensive 
deposits, here forming a mass several square miles in area and fully 
two hundred feet in thickness, is not to be read in an hour; but it will 
require the patient labor of years to unravel the intricate problems 
which arise even while viewing hastily a single section like this, which 
is but one of the lesser of a hundred of this nature. This deposit repre- 
sents, without a doubt, a period subsequent to the culmination of the cra- 
ter-eruption, when the Yellowstone Late extended to a much higher level 
than now, and the formation may have begun within its waters, after- 
ward becoming a portion of the shore-line. From this and other observa- 
tions, it cannot be disputed that the early hot-spring action was upon a 
scale of almost unimaginable magnitude. The mind utterly fails to 
grasp the reality ; and the existing demonstrations, wonderful as they 
are in many places, we must believe are the mere shadows of the past. 

The ridges which now form the rims of the basins are made up of 
quartzites, conglomerates, and other layers, most of which are mainly 
composed of materials originally deposited from hot springs. The snow- 
white aspect of the hills, which enables them to be distinguished from 
a great distance, is due to the silica which forms the great bulk of the 
deposit. Sulphur exists in broken masses, mostly amorphous, with some 
sublimated crystals about the active springs. Occasional brick-red 
spots are visible, caused by the presence of iron. The mass of the sili- 
ceous deposit is a fairly compacted white rock, fine grained, and much 
jointed ; but there is much of a very beautiful tough quartzite, with a 
concboidal fracture, and having a pearly luster, or it is sometimes 
iridescent in a favorable light. 

Between 12 m. and 1 p. m. of the ith of August, a heavy cloud of 
vapor was observed ascending from this spot while |)as8ing along our 
main trail one mUe distant. 1 visited the locality about two o'clock iu 
the afternoon of August 7th, and also had several other good opportun- 
ities of observing such emission if it had occurred, but not near midday. 
Had I not seen it, 1 could not have believed it possible for such a quan- 
tity to be emitted by such a small number of appai-ently unimportant 
springs a« wfre afterward found to occupj- this section. Judging from 
this accidental circumstance, it may not be unfair to suppose that these 
fnmeroles are periodically agitated, though nothing can be predicated 
concerning the regularity of the action, nor the duration of tha quiescent 
intervals. It may also, with some degree of propriety, be iuteired that 
this group is distinct fi^om those previofusly discussed. 

The springs before mentione*!, which are situated iu the upper portion 
of tb.& Jlood-plam of Pelican Greek, near the junction of its tbrks, and 
above, are of comparatively little importance, although there are several 
small fumeroles among them. Like many others of their class, they are 
noticeable on account of the sulphur which they are the means of depos- 
iting about their orifices and distributing through the agency of tlieir 
overflow. B"ot infrequently these springs are directly iu the bed of the 
stream, or in the midst of sluggish pools near its edges. Two visits to 
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this locality, about noon on the 7th of August, and at 8 a. m., Angust 
13th, showed that differences in intensity are not lacking; for sev- 
eral fair-sized orifices, which were uot seen on the occasion of the first 
trip, were observed in actioD on the 13tb, some time before reaching the 
spot. In connection with this statement, it vaunt, however, be remem- 
bered that the difference in the temperature of the atmosphere at 8 a. m. 
and 12 m. is sufBcient to account in part for the difference in the quan- 
tity of the vapor, and, perhaps, for the whole. 



In passing down the Yellowstone River Valley from the lake, two 
prominent groups of hot springs are met before reaching the rapids 
above the falls. Most of these are upon the left bank of the river, how- 
ever, and they were, therefore, not specially examined. Somewhat 
detailed descriptionsof the principal members upon that side of the stream 
are given by Dr. Hayden and Dr. Peale in their reports for 1871, under 
the heads of mud-volcanoes and crater-hills.'* Both of these groups are 
highly interesting and important. They doubtless represent a former 
more vigorous cwndition of the Sulphur Hills group. In each case Im- 
mense deposits have been accumulated, and many springs have ceased 
their action ; but, in the Yellowstone River groups, many powerful, clear 
and turbid springs and salses are still active. From the right bank, all 
this maybe learned, as well as the fact that sulphur, iron, and silica tbrm 
portions of the accumulated masses, giriug the characteristic yellow, red, 
and white colors to various portions of the hills. Dense clouds of vapor 
may be seen issuing fix)m these localities at certain hours, and the thump- 
ing noise produced by the throbbings of the agitated mod of the salses 
may be dlstinguisbed without difficulty at a considerable distance. Sul- 
phydric acid gas (H* S) is evolved in notable quantity. 

There are several mud-bowls and seething springs upon the right 
bank of the river, directly opposite the upper group, or the mud-volca- 
noes, sis mites below the outlet of the lake. One of these, near the 
Waldo's edge, strongly reminds one of a large kettle of boiling soap; the 
resemblance to this uninviting substance being increased by the pe- 
culiar streaky appearance, arising from the imperteet mixture of the 
yellow sulphurous, the red or pink ferruginous, and the blue and green- 
ish argillaceous ingredients of the mud. The mud-paste is in a con- 
stant state of sputtering ebullition, and it is occasionally spurted with 
force to a height of two or three feet. There were some signs about the 
rim of the bowl of recent more vigorous action, but nothing to indicate a 
degree of activity nearly approaching the energy displayed by some of 
the mud- volcanoes across the river. 

Both the mud-volcanoes and the crater-hills occupy positions appar- 
ently nearly identical in horizon stratigraphically with the Turbid 
Lake and Steamboat groups, and the variation in actual level is very 
slight. The exposed formations in the vicinity of the river-groups are 
clays and sands of lacustrine origin in all respects similar to the depos- 
its along the present lake-shore near Steam Point, in the valley of Pel- 
ican Creek, and elsewhere. Overlying these are layers of tufaceous and 
other volcanic material, many of which bear traces of more or less com- 
plete and regular re-arrangement of their component particles by the 
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waters of the ancient lake. In some places, above the looser and more 
flnely-commiiinted sands and clays, or iutermmgled with them, occur 
occasional beds of the more compact trachytic lavas. In the immediata 
vicinity of these springs, tlie clays and the trachytes predominate, 
which fact is sufficient to account for the emergence of the springs, for 
the most part, aa salses and solfataras. 

V. — FOREST GEOUP. 

The foregoing general remarks will apply almost equally as well to 
an extensive group of thermal springs near the verge of the right wall 
of the Grand Caiion of the Yellowstone, and the few following details 
concerning this collection will be found to correspond in most essential 
points with the descriptions of the two preceding groups which have 
been given by Dr, Peale and other authorities. This cluster may be 
appropriately styled the Forest Group, being so nearly surrounded by 
growing timber that it might easily be overlooked by the passing trav- 
eler, or regarded as a section devoid of special interest. 

This group comprises representatives of all the great classes of 
thermal springs, including also a variety of cold springs of varying 
composition and temperature; while, as a whole, the locality in which 
they occur may be said to belong to one of the latest stages of 
thermal intensity. There are some spots in which the activity is 
much greater than in others, and a considerable stream of water passes 
off at certain intervals, as the result of the accumulated discharge 
from a number of the clear and more vigorous bowls. The majority 
of the active springs, including the salses and solfataras, emerge 
through the enormous accumulations of ancient hot-spring deposits, 
which here almost completely obscure the underlying beds of volca- 
nic origin. Not infrequently, two or more salses are seen in close prox- 
imity to each other, apparently receiving their supply of heat from the 
same source, and yet scarcely any two of these agree exactly in all their 
manifestations. One feature of several of these mud-bowls is espe- 
cially noticeable, *, e., the thickness or toughness of the mud, which 
causes it to be arranged in the form of low cones about the centers of 
ebullition. This represents the stage of transition from the salse proper 
to the mud-puff, but none of the latter were observed in the basin occu- 
pied by the Forest Group. This collection of springs is distributed over 
an area of considerable extent, and also includes properly several im- 
portant bowls which are located upon the walls of the Grand Caiion 
itself, mostly near the bottom of the chasm, not far from the edges of 
the stream. The m^ority of the springs, however, are located upon a 
broad, barren flat of dried mud, sand, and flue gravel, which nearly 
encircles a short ridge of ancieut hot-spring deposits, rising to a height 
of about two hundred feet above the general surface. It was extremely 
difflcult to make out a satisfactory section of these deposits on account 
of their great variety and the obliteration of structure caused by wash- 
ing and weathering. Besides many of the more common varieties of 
the hot-spring formations, the following-described specimens of rocks 
were collected from this locality: 

1. Eock at the top of the ridge, a fine-grained, yellowish-white sand 
rock ; or, rather, a fine gravel-rock, or conglomerate, apparently formed 
from material deposited originally by hot springs. 

2. White siliceous rock, which gives character to the hill; also, a hot- 
spring deposit. 

3. Lying, apparently, between layers of No. 2, occiir bauds of reddish 
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and ligbt-yellow saiidstoTies, probably re-arrans'ed by the waters of the 
aucient lake subsequent to formation by hot springs. 

i. Lower (!) tban the precedin^r, hard, stabby, fine-grained sand- 
stone, which also appears to be composed of hot-spring material. 

5. A peculiar hard rock, showing a thin layery structure, occurs in 
both thick and thin layers. 

6. In position probably above No. 5, a conglomerate made up of a 
rock like No. 5, inclosing fragments of a kind of spring quartzite. 

7. Crystalline deposit &om a spring toward the eastern base of the 
ridge, TliiH hot spring is in every respect (except the presence of very 
little iron) like the Green Spring, on Pelican Creek, before referred to. 
(Group 111, this chapter.) 

8. A hanl, white, slabtiy rock, found below in the wash, but occurring 
in situ (f) below the otters. 

About two-thirds of the distance up the hill fragments of a tufaceous 
layer were seen, but its i>osition with respect to the above could not be 
determined. 

On the flat below the hill, in the mud washed from the springs, there 
were imbedded logs of softened wood, and the stsinding trees for a little 
distance showe<l signs of a former flood in the whitening of their trunks 
at the base. The flat was covered {August 8) with magniflcent exam- 
ples of mud-cracks on a large scale. 

As might be anticipated, these ingredients of the accumulations now 
in progress in this locality are by no means characteristic, but there is 
scarcely an element which is found In other springs that is not here 
represented in one or more springs. Sulphur is not formed at present 
in great quantity, although there are several quite active solfataras ; 
but that this substance has at one time been abundantly produced here 
is proven by the prevalence of the yellow colors in the walls of the 
canon and in the ailjacent hills. Silica is abundant in the cliffs, and it is 
still the principal product of several of the most interesting bowls. One 
of these in particular is worthy of note. It eraeiges from the rock.s 
within a very few feet of the river's edge, below the lower fail, hun- 
dreds of feet below the level of the majority of the members of the 
Forest group. Its action is more or less regular, but iuteriuittent, and 
the water is occasionally ejected to the height of a foot or more above 
the chimneyed orifices. These chimneys, as I have called them, are 
small tubular eminences through which the fiuid is spouted, and they 
have been steadily built up by slow accretions from the evaporation of 
the water as it has fallen down about the original oriflce in the rocks. 
In this ease the chimneys are less than a foot in height, tapeiing from 
a breadth of six inches at the base to a diameter of only two or three 
inches at the apex. 

It is noticeable that iron is less conspicuous in the recent as well as 
the ancient spring deposits in this section, although there would seem 
10 be no reason for its scarcity. This may, perhaps, be explained iu a 
measure by the preponderance of other ingredients which give color 
to the formations, or possibly by the production of salts of iron not 
common in other localities. 

VT. — WAYSIDE GROUP AND ISOLATED SrKINGS. 

This name ib here proposed for a number of springs of considerable 
interest situated on the banks of Orange Creek, near where it is crosse<l 
by the tiad ot Captain Jones's party. The path at this i)oint, after 
crossmg the stream, follows it upward for a short distance along the 
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base of a steep hill, and the springs lie upon both sides of the creek 
quite near the edge of the water, two or three emerging almost directly 
in the trail. TJn fortunately, a mere cursory glance was all that could 
be obtained, on account of other duties, but enough was learned to 
prove that this groap is well worthy of careful investigation. Sulphur 
and iron appear to be the prominent products, though it is probable 
that silica also plays an important part. As a rale these springs are 
clear, and they mainly emerge from the rocks, leading to the formation 
of smalt cavernous openings, which render more audible and resonant 
the pufSng of the vapor as it escapes under pressure. One bowl thus 
simulates the noise prodnced at the Steamboat Soring, on Yellowstone 
Lake, but in a lesser degree. The orange-colore<l precipitate covering 
the rocky bed of the scream, from which its name has arisen, is a spring 
deposit of ferric oxide. This does not seem to originate wholly at this 
point, but it is probably formed also by other springs, hot or cold, 
farther up the stream. 

Isolated springs. — A few scattered bowls occur over the region south 
and east of the great Gardiner's Kiver Group, to be described in the fol- 
lowing chapter, but a mere statement of their positions is all that is nec- 
essary, for nothing is known concerning them which serves to separate 
them iu their features from the groups already mentioned. A few of 
these may be found at greater or less intervals along the banks of the 
Yellowstone River below the fiiUs, and, less frequently, iu the valley of 
the Bast Fork and upon it« tributaries. In most cases, these isolated 
springs are the remnants of more active scenes in the past, and occa- 
sionally they serve to mark the location of a once very vigorous group, 
eveu including one or more geysers, as iu the valley of the East Fork. 

TII. — BATH-SPEING- HEAR CAMP BEOWN. 

This description is introduced here simply for the sake of convenience 
in arrangement, and not because of any direct relation which it is sup- 
posed to bear to any of the foregoing groups or springs. Indeed, the 
question of its relations to other similar bowls iu any paii of the West 
is by no meaus an easy matter to solve. In other words, it would almost 
seem that the causes of it« existence are more apparent, if we consider 
it as unconnected in any direct manner with the Park groups. Reserv- 
ing the discussion of this subject for a more appropriate place, we will 
conclude the present chapter with a description of the principal features 
of this spring; which is situated near Little Wind River, on the right 
bank, about two miles northeast from the military headquarteis at Gamp 
Brown. 

This bowl is, properly speaking, an aqueous basin or pond; which 
receives the contributions from several prominent orifices opening 
within its borders. This pond covers an area of considerably more than 
live thousand square feet, and a coutiuuous 8up|)ly of hot water is passed 
oft' through the channel of a large stream, which connects the springs 
with the Little Wind River not very far distant. The water is usually 
clear enough to enable the bottom of the pond to be seen at a depth of 
five feet or more, but there seem always to be held in suspension, mi- 
nute particles of a very light-yellow precipitate, which also covers the 
bottom, and which renders the water turbid when disturbed by the feet 
of the bathers. The depth of the pond near the center is very great, and 
one very soon passes beyond one's depth in moving from the edge of the 
basin. 

Oarbonic acid is given off abundantly, and Dr.Heizmann flnds that cal- 
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cic hypochlorite (chloride of lime) is present in eonsiderablti quantity. 
The roots of grasses, and such other vegetation as is found ia the imme- 
diate viciuity of the water, are completely bleached by the agency of 
the latter. It is a little remarijable, iu consideration of the fact that gyp- 
sum is Bo abundant in the neighborhood of this spring, that snlpbnr and 
ita acids are present only in very small proportions. The temperatnre, 
which varies slightly at times, is but a few degrees above " blood heat,' 
(98° F.,) but it differs from the ordinary day-tern peratuve in the summer 
sufficiently to cause a feeling of discomfort when first entering the water 
to bathe. The effects produced are thought to be very beneficial, and 
the inhabitants of this section consider it esiiecially valuable in the 
treatment of alfeotions of the skin. The members of Washakie's band 
of Shoshones, regard it as useful in alleviating the distressing features 
of syphilis, a disease which ia quite generally prevalent among Indian 
tribes, 

This spring emerges at a point whei-e the great gypsum-fold, as it 
may be termed, has been denuded for the passage of the Little Wind 
River across it. Without more extended study it is extremely difficult 
to account for its occurrence without supposing it to be in some way 
connected with the formation of the fold itself. There are no rocks of 
volcanic origin within a radius of more than forty miles, so far as is 
known, and no hot spring, within the volcanic district, is known to 
exist nearer than one hundred miles from this point. 

The next chapter will be devoted to the description of the mammoth 
springs of Gardiner's River, the most important collection of this nature 
now known in any part of the world.. 



CHAPTER X. 



vol.— White Mount!ii 

While the main division of Captain Jones's party was encamped aliove 
the mouth of the East Fork of the Yellowstone Biver, (Camp 41,) a 
small corps was detached for the purpose of examining the locality 
referred to at the close of the last chapter, which lies some twenty 
miles distant to the west of north. At this point there exists the moa't 
remarkable development of thermal springs within the limits of the 
National Park, and certainly there is not its equal in grandeur or in 
importance elsewhere on our globe, if we may judge from all tlie 
accoiints of similar manifestations in other piirts of the world which 
have heretofore been i>ubiished. 



This group lies near tiie northwest corner of the Yellowstone Park 
reservation, forming a part of the bluffs above the stream, on the left 
bank of Gardiner's River, a short distance below the entrance of the 
West Branch. The springs are situated upon a series of benches of 
unequal dimensions, arranged rather in-egnhtrly after the manner of 
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steps. These benches, of whicli there are do less thau fourteen, with 
active spriugs, besides a number more ancient and more elevated, are 
not ordinary terraces such as those of the Terrace Epoch, but, a« we 
shall presently see, they are almost entirely made up of deposits from 
extinct and active hot springs. 

The first seven steps contain the majority of the largest and most 
vigorous spriugs now in aetiou. The upper tiers of beaches ahed their 
drainage, for the most part, down apou and across the tops of the lower 
series, but the greater part spreads oat, when it reaches the seventh 
terrace, so as to pass over the edge in a thin sheet. This is caused by 
the very slight slope of the surface, and it has resulted in the very 
peculiar conformation of the bluffs, which is one of the most striking 
features of this group. The section shown iu Fig ^'J will serve to 
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IS Gardiner's Eiver at White Mountain Hot Springs. 



ehicidate the structure which has influenced the production of the gen- 
eral features, while the special peculiarities alluded to are diagram- 
maticalty represented by Fig. 30. We need not here enlarge upon 
the causes of the arrangement of the rock-masses which underlie this 
area, but we will proceed at once to the description of the springs and 
the phenomena attendant upon their action. 

DESCEIPTION OF THE FIEST SKVEN TERRACES. 

On the flat below the main tier of terraces there are a number of scat- 
tered springs, which do not essentially differ fiom those at a higher level, 
and several prominent chimneys mark the positions of former geysers. 
One of the latter, more than forty feet in height, with abase at least 
twenty feet in diameter, is the most striking feature to be observed on 
this plain. From its peculiar shape it received the not inappropriate 
name of Liberty (Jap from members of Dr. Hayden's party of 1871. Be- 
sidesthe geyser chimneys there arealso afewdi^y bowls and fissuree,aud 
between this point and the river below there are several active springs 
of some importance. 

Bathing-pools. — Rising to a height of nearly two hundred feet above 
this flat is the main tier of steps before mentioned, which is fringed with 
a most remarkable arrangement of shallow pools or bathing- tubs, as 
they have been styled. This peculiarity cannot be described with any 
degree of satisfaction to the writer, for it is so nniike any other work of 
nature or art that it is impossible to convey an adequate idea of its won- 
drons grandeur or of the almost endless variety of the strange products 
formed by the action of well-known forces. The study of the physi- 
«al and chemical changes here in progress is intensely interesting, and 
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rich rewards are certainly awaiting those who may hereafter be enabled 
to labor iii this new field for investigation Some idea of the structure 
of thib unique formation may be gamed from an exaiuinatiou of tlie dia- 




gram, (Fig. 30.) A careful study of thesepoolshasled me to believe that 
they are all formed originally in the same manner, whatever may be tlieir 
size or shape and without regard to tlieir present depth. If correct in my 
views, the water, which flows slowly over the surface at the top of the ter- 
race, or elsewhere if the conditions are favorable, spreading out thinly, 
parses off so slowly as to aflFord time for evaporation at the edges, and this 
is hastened by the saturation of the hot solution of calcic carbonate. Very 
slowly a narrow rim is thus formed about the pool so as to hold it in as by a 
dam. Once started, this process coutinnes until the basin acquires a con- 
siderable depth, provided that a steady but small snpply of water is kept 
up. When this supply ceases, the whole is evaporated to dryness, leav- 
ing a deposit of calcic carbonate and other ingredients, the nature of 
wnichiadependeatupon the conditionsunder which the evaporation takes 
place. In the mfyority of cases this residue is a fine white powder, and 
it not unfrequently accumulates in large quantities, but occasionally 
■various crystalline and other forms of entirely new structure are found, 
leading to the belief that a careful investigation will reveal much con- 
cerning some unknown laws of crystallization and chemical combinations. 

Tbe process of pool-formation in all its stages may be seen in progress 
wherever the conditions mentioned above are present. The outer sur- 
face *f the rim of each is ornamented with relief-work similar to the 
scales of a fish, but more closely resembling the tcave-marks commonly 
found on many rocks of beach origin. 

These markings are also common over the bottoms of very shallow- 
pools in progress, and in such cases their source is readily traced to the 
action of the wind blowing over the surface of the water. 

The cause of their production upon the nearly vertical surfaces of the 
walls of the tubs is not so easily deducible, perhaps, but it does not re- 
quire very close attention to convince the observer that they are the 
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result of the action of the water which trickles or pours over the sides 
of the cups. 

The pools vary greatly in depth and in circumference, those of the 
greatest dimensions being usually accompanied by the most coarse orna- 
mentation, owing to the fa«t that they are subjected to the most rapid 
and powerful notion of the descending stream, thus being more abun- 
dantly supplied -with the ingredients held in solution by the wat«r. 

Chemical composition. — As would naturally be expected, when it is 
known that the prlucipal constituents of the solution at this point are 
iron, calcium, and magnesium in the form of carbonates, the iron is 
usually sejiarated locally under specially favorable conditious, while the 
upper pools, and especially the larger and coarser among them, are 
built up by the deposition of magnesic carbonate mixed with calcic 
carbonate ; the lower and the more shallow pools being more frequently 
composed of nearly-pure calcic carbonate. This latter substance, as is 
common in hot spring districts elsewhere, usually separates as aragonite, 
the greater i>ortiou, at least, of tbecrtfci(ein this section being in the 
form of stalactites, and, consequently, of secondary origin. A careful 
determination of the mineral composition of these deposits at various 
elevations would, perhaps, reveal the existence of all the varieties which 
result from the combination of these three carbonates in different propor- 
tions, including true dolomile and ankerite, with their intermediate 
forms. This view receives support from the great variety of coloring 
produced by the weathering of the aneientdeposits, nearly approaching 
black in some cases. Silica is also a prominent ingredient of the spring 
deposits, and is sometimes obtained almost free from admixture with 
the others. Sulphuric acid is also perceptibly present. 

The tubs, arranged as they are upon the slope of the hill, receive their 
supply of water mainly from the overflow of the boiling springs above. 
Ah the water passes from one pool to another, it gradually loses heat, 
each tub answering the purpose of a cooling-vat, so that bathers find 
no difBculty in obtaining almost any desired temperature. This locality 
has already become a favorite resort of many invalids from the surround- 
ing country, particularly those suffering from cutaneous diseases, tor 
the treatment of which the waters are thought to be very valuable. 

Products. — There is a remarkable diversity in the special products of 
these numerous cooling-pans, owing to the vaiying conditions of tem- 
perature, dimensions, and agitation of the contents. In some, especially 
near the top, and in the direct course of the outfiow from the springs, 
the water is constantly passing through and does not remain long 
enough to become perceptibly cooled, and these are usually quite free 
from precipitations or other deposits, while the external ornamentation 
is often very coarse. Others more remote from the flow transmit the 
water more slowly, thus allowing time for a considerable reduction of 
temperature in transit, and, io such cases, a very fine white deposit of 
calcic cariiouate is formed over the bottom, which often attains a thick- 
ness of several inches. Many pools through which the water passes 
with sufacient rapidity to maintain a temperature aa high as can well 
be borne by ordinary bathers, are thus encumhei'ed by accumulations 
of this substance, in which the feet sink very perceptibly. Again, there 
are others in which a high temperature is maintained by a constant but 
diminished flow, which furnishes the conditions essential to the produc- 
tion of crystalline aggregations of the most peculiar and interesting 
forms. Twigs, small stones, and other objects placed in snch situations 
eventually become covered with thick deposits of this nature, and the 
preparation artificially of ornaments of various kinds has already been 
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saccessfuUy accomplished with little difficulty. The most delicate and 
interesting products are, however, so frail as to render their transport 
impossible, and very many of them cannot be lifted from the pools 
without demolition. Owing to the presence of notable quantities of 
iron, magnesia, and other ingredients, the majority of the crystalline 
and colloidal products are of a dark-brown or reddish color while wet, 
changing ofteu through pink to a most delicate white upon the gradual 
evaporation of the water in the pools in which they are formed. It oc- 
casionally happens that a flowing tub will become converted into an 
evaporating pan by the cutting ofi' of its supply of water by some 
means. In this event, if the condensation be fairly uniform and unin- 
termpted, stalagmitic pillars, often with a beautiful honeycomb texture, 
are not uncommonly built up over the bottom of the pool. Two such 
small and shallow pans occur near the edge of a small stream flowing 
from the large boiling spring presently to be described, which is situated 
upon a low terrace above the spring from which the main group of pools 
is supplied. One of the pans was entirely dry at the time of our visit, 
the bottom being covered with white pillars of the size of oue's flnger, 
three inches in length, arranged at intervals of about two inches. By 
the exercise of the greatest possible care both in collecting and in 
packing, I was enabled to transport several of these pillars with no 
further detriment than a reduction in length by fracture and crumbling 
at the ends. In a neighboring pool, somewhat deeper and partly filled 
with water, another set of these columns was observed in progress. 
They were soft and rather swollen in appearance, of a dark-brown color, 
and all attempts to raise them out of the " mother-liquor" proved futile. 
When taken from the water at this stage, the effect is very similar to 
the collapsing of a "jelly-fish" upon its removal from its natural ele- 
ment, with this difiference, that there is left in the hand a more abun- 
dant slimy residue in the former instance. 

Much of the outflow from the large spring at the top of the bluff pass- 
es down over a series of quite regular cascades, which present a rather 
gradual transition between the tiers of pools on one side and the gen- 
eral absence of such formations upon the other side. Passing southward 
beyond this stream, we come upon the dry bed of a rill which has at 
some time coursed down the ridge with a gentler fall than the main 
stream. Here, again, the running water has left its mark, but in a 
shape not elsewhere seen. The same feature of overlapping is noticed 
that was referred to in speaking of the ornamentation of the bathing- 
pools, but the form of the separate pai-t«, with the minute ramifying 
channels here observed, is peculiar to this spot. When broken out by 
a hammer, small fragments are procured which remind one, in a measure, 
of a bird's wing, the delicate tracery appearing not wholly unlike the 
feathers with their appendages. 

Fneoidal markings. — Still farther toward the edge of the outcrop of the 
spring-deposits in this direction, over a surface which has clearly been 
overfl^owed at times, there occur numbers of raised prominences which 
bear a striking resemblance to fueoids, for which they are sometimes 
mistaken. A close examination shows that each one of these has a 
small cylindrical channel through its entire lengtli, and this tube is 
always occupied by the culm of a species of "rye-grass," which grows 
abundantly at this point. The deep longitudinal strise of this grass are 
distinctly preserved in relief on the walls of the tubes. The size of the 
prominences varies greatly, from that of a large pipe-stem to those which 
project two inches or more above the general surface. A rude illustra- 
tion of the manner in which these incrustations are built up is given in 
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Fig. 31. In aukinm the dead and dried culms fell flat on the ground 
TFithout detachment from the main stem, and thus the water flows over 
them without transporting them from the spot in which they have grown. 
Gradually an inerustatiou is thus formed by deposition from the sat- 






urated liquid, and the increase of the resulting prominences is limited 
only by the amount of water or the time employed in their formation. 
The texture of these cylindroid masses is compact, and rather uniform, 
with some tendency to greater looseness of arrangement of the particles 
toward the surface. A transverse fracture shows lines of imperfect ra- 
diation, as though the crystalline structure had beeu induced by the deep 
ribs which mark the surface of the grass to follow certa,in lines in prefer- 
ence to others. 

Springs on seventh terrace. — Passing now to the summit of the ridge 
or bench which we have been discussing, a large active bowl is 
brought into view, which proves to be the source of a large portion 
of the water which flows over the clifi' into aud through the bathing- 
pools before described. Just below the main outlet of this spring, 
there was a beautiful pinkish deposit at one side, where it was 
still wet, but beyond the force of the current. This characteristic color 
is undoubtedly produced here, as in numerous other instances, by the 
presence ot satlioient iron in the water, as ferrous carbonate, to leave de- 
posits oi ferric hydrate in quiet spots by the evaporation of the carbonic 
acid on exposure to the air. The spring itself, or, more properly, two 
very large springs connected by a narrow and shallow strait, are among 
the' most powerful and extensive of the whole collection. Each bowl 
is nearly 150 feet in one dimension, while the breadth of one is 50 feet 
and that of the other nearly half its length. The boundaries of both 
are very tortuous, and the edges are handsomely ornamented by a tasty 
rim which projects inward some inches. This rim is the lowest of three 
similar ledges, the water in the bowl having twice receded about four 
inches in depth, leaving each time a rim to mark its former position. 
These have been formed by the pulsation of the water in the follow- 
ing manner ; Each convulsive throe of the liquid sends across to the 
edges of the bowl a wave which rises slightly above the general sur- 
face of the water and spreads gently over tlie sides to the distance of 
several inches. By evaporation a residue is left which forms a thia 
shelf which projects inward over the surface of the water. The edge 
of this shelf is kept almost constantly moist, bat the rear portion is 
subjected to more rapid evaporation; consequently, while the latter pre- 
sents a delicately-glistening surface, resembling clear white porcelain, 
the edge, being exposed to oxidation with less evaporation, forms an 
attractive fringe of red, caused by the precipitation of fenic hydrate. 
Pieces broken from the rims show essentially the same structure, being 
composed of layers of pink and white irregularly alternating. The tem- 
perature of these springs is much below the boiling poiut of water at this 
altitude, but the force of ejection is so great as to cause rapid and vigorous 
ebullition, which is no doubt facilitated, if not in some degree induced, by 
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the presence of much earhotiic acid. The water is very clear and of an 
azure tint, whicti renders startling and iuipresaive the view obtained 
upon looking fat down into its depths. 

In a somewhat quiet portion of the southernmost bowl, removed from 
the immediate vicinity of the excessive agitation, there was foaud a 
white and reddish gelatinous substaoce, probably colloid iu part. In. 
terlaced or iuclnded withiu this are little globules of calcic carbonate 
formed by the bubbling up of carbonic acid through minute orifices be- 
neath the colloid body. At the edges of the bowl, where the carbonic 
acid rises with less obstniction, little hollow filmy spheres of calcic 
carbonate are formed, after the manner of soap-bnbbles, which increase 
in size by the union of several by attraction, until they become too 
heavy or non-cohesive to remain suspended, when they fall to the bot- 
tom entire, or burst and scatter their component particles. Not unfre- 
quently in this vicinity, these are found as hard, shelly globes, inter 
mingled with the general texture of the ancient spring deposits. 

In another portion of this bowl, also in a comparatively quiet spot, 
are a few small clusters of a tongU, green, fnngoid form of growth, vig- 
orous and prominent. The real nature of this apparent anomaly and 
other nudescribed inmates of these springs is as yet nnknown. In < 
men with many of the latter, it possesses characters which would b 
at first sight, to define its position as a member of the vegetable king- 
dom among the lower cryptogamic orders, but there are other features 
which seem to place it more properly in the large and ill-defiued group 
of colloids. In either case, however, there is here presented a wide 
field for study in a little-understood subject. In this connection may 
be mentioned two other forms which are not only found at this point, 
but which are also more or less abundant in a large number of the 
springs throughout the Gardiner's River group. The first of these con- 
sists of a collection of white, silky filters, sometimes coated with a fine, 
granular substance resembling sulphur, usually forming the bed of a 
shallow rill, through which quite warm water is flowing. The other is 
a yellowish -green substance found on the gravelly and rocky bottoms 
of channels of no great depth, with siliceous or calcareous particles in- 
closed iu its meshes. This form is often seen underlying the first, which 
is then usually attached to it. Both simulate closely theconfervoid forms 
of vegetation. 

On the west side of the larger bowl, and in fewer numbers at the 
western edge of all the wide bowls, a quantity of grasshoppers were 
floating, which had probably been blown into the water, for none were 
observed on the barren land adjoining. They were coating rapidly 
with an incrustatiou of calcic carbonate; and doubtless many are thus 
covered and preserved as fossils by falling to the bottom of the spring, 
although none were obtained from the old deposits about the extinct 
springs. 

T'rom evidence abundantly present, it is plain that there have been 
recent extinctions of springs on this terrace, unless it be true that many 
not in action daring our stay were then but dormant representatives 
of bowls which are vigorously active during certain seasons of the year 
when more moisture is supplied. In fact. Dr. A. C. Peale, to whom 
we are indebted for many interesting and trustworthy observations 
concerning these springs, reports quite important differences in their 
degree of activity which had taken place within the space of one year, 
and there was certainly not a little change during the year that elapsed 
between his last visit and our own in 1873. In one spot I observed 
water bubbling at the bottom of a hole which had once been filled with 
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the water, as was proven by the ornamentation of its walls. At ijresent 
there is no visible outlet to this spring, though it may be in some way 
connected with the large bowls before described, and the same may be 
said of the frequent long and deep fissures, which are not uncommon, 
in which the sputtering is continually heard, and from which a quantity 
of vapor is frequently seen to escape. Several other old spring holes are 
present, lined with numerous white crystals of exceeding beauty. 

The foregoing descriptions have been mainly confined to a review of 
the first seven terraces. 

Eighth terrace. — The eighth bench is raised but five feet above the 
seventh, and contains but a single spring, about ten by fifteen feet in 
diameter, and having not more than one-third the depth of the preced- 
ing bowls. The water in this spring throbbed fltfully near the center 
to the height of a foot or more. About the edges there were a number 
of rather shallow evaporating pans, containing water at different tempe- 
ratures, in which were being deposited the most beautiful crystals, in 
wonderful variety, aggregated into masses of the most varied forms, and 
of several tints — brown, red, pink, white, and yellow. This collection 
of slowly-forming products of imperceptible (orces is not the least im- 
pressive of the remarkable features of this little known region. Far 
abler pens than mine would fail to do justice to a scene beyond the power 
of language to describe, but one which can never be forgotten by the 
most careless observer of the workings of nature. In some of these 
pans there was a quantity of a peculiar reddish -brown fungoid growth, 
which apparently possessed the texture as well as the consistence of a 
colloid body. It is especially interesting on account of its rather definite 
form, which is fairly represented in Pig. 32. The npright shoots are mere 
tubes, closed at the top, which seem to be distended, if not ftholiy caused, 
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by the evolution of carbonic acid from beneath, and when taken out of the 
water they completely collapse. They are, however, sufficiently cohesive 
to enablesmall clumps to be dried, when they are very brittle, and crumble 
to powder unless handled with care. A comparatively large quantity 
of solid matter is attached to the under-surface, consisting of the vari- 
ous substances which would naturally be freed from the solution upon 
the liberation of the carbonic acid. Fuithermore, a microscopic examina- 
tion of the dried gelatinous matter, softened and swollen by soaking in 
hot water, reveals no trace of vegetable organization, althongb green is 
not uncommonly a prevalent color. Add to all this the fact that no 
amount of steeping in ordinary hot water will suffice to raise the film 
with Its weight of solid matter, as in the evaporating pan, (though the 
colloidal mass when freed from this encumbrance rises rapidly to the 
snrtlace,) and there can be no doubt that the conformation illustrated in 
Fig. 32 is produced by the struggling of carbonic acid to free itself 
from beneath an obstruction of colloid matter, which probably origi- 
nates from the organic matter contained in the water. This organic 
matter may in part arise from the rocks through which the springs 
reach the surface, but we have already seen that much is iutroduced 
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into the bowls from without by the action of the wind and in other 
ways. Amidst so much of novelty, and while closely studying the won- 
derful variations prodaced by very slight changes of condition, one is 
almost overwhelmed with the hundreds of interesting problems which are 
continually presented for solution on all sides. It is, therefore, impossi- 
ble, within the limits ofasinglechapter, to record one-half of theint«rest- 
ing observations made in the field, much less to follow ont the discus- 
sions to their legitimate conclusions iu all cases. On this account, many 
important features of this region must be omitted altogether, while 
others can receive but a small share of attention iu this report. Some 
subjects, which cannot be even alluded to iu this chapter, will receive 
some consideration in another place, however. 

Before leaving the d&cription of the eighth terrace, it will be well to 
speak briefly of some very striking results which have been produced 
by the action of water upou many of the deposits since the extinction 
of the springs. In some manner not necessary for our present purpose 
to investigate, there have been produced deep fissures iu the material 
of the benches, and occasionally also quite large caverns have been left. 
The latter are, doubtless, iu some cases the relics of underground cham- 
bers belonging to some of the ancient springs. Whenever these are 
brought to light, the trickling of the water which percolates through 
the superincumbent mass has formed huge masses of clear white stalac- 
tites of the most fragile nature. Whole masses of the adjoining forma- 
tion also present an appearance very difficult to describe, but notwhoUy 
unlike an immense aggregation of long acicular crystals joined together 
by cementation into a loosely-fibrous rock. This peculiarity will here- 
after be referred to as the adctttar structure. Sometimes this is not clearly 
defined, when the mass presents more of an amygdaloidal stnicture, or 
an appearance resembling some kinds of cream candy which contain 
uumeious air-cavities within their texture. 

FROM NINTH TEBEACB TO UPPEE LIMIT OF ACTIVE SPRINGS. 

Above this point there are many active springs, but they are as a rule 
much smaller and less vigorous thau those existing ou the lower terraces. 
A thickness of more than thirty feet of the ancient deposits occurs in a 
ledge overlooking theeighth terrace, in which the peculiar *' wave-line" or- 
namentations at frequent intervals serve to mark the successive stages as 
well as the varying positions oftlie old springs. Large massesof thisforma- 
tionarefrequentlyforcedott'by the action of frostaudotherageuts.forming 
by their disintegration a considerable talus of fine material. Not quite 
half way to the top of this ancient cliff, ou a narrow jutting ledge, there 
are several small orifices from which the hot water issues, one of which 
deposits internally a little sulphur. Above this a ridge runs out south- 
erly which is deeply split by what appear to have been earthquake fis- 
sures. Toward the northern end the bubbling of hot water is plainly 
heard beneath, and this fiuds its exit at the other end, where it nearly 
fills the fissure ; still bubbling, it finally passes out, spreadiug over the 
sides and ends of the ridge, and finally runs off below in a little stream. 
In this sprtug there is also deposited a thin lining of sulphur. In the 
outflow below, where the water runs over the surface in a shallow stream, 
there is left a deposit of the most delicate cream-color tinged with pink, 
and in one spot there may be seen aluiost every conceivable shade 
which can be produced by mixture of delicate white, pink and yellow. 

Back of this ridge, in a kind of hollow, occur three boiling springs of 
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different composition; .one clear with a dark-brown bottom, another 
with bluish water, and the third slightly yellow. 

Here theacicniitr structure before meutioned is seen in progress, being 
caused by the gentle overflow from the small orifices slowly running oif, 
as it were, in lines. At one point a curved arrangement of the needles 
is induced by the meeting of the overflow from two adjacent oriflces. 
The outlets of these three springs join a small rivulet coming from a 
point above, and the whole fitlls into a hole below and disappears. 

The white silky fibers previously noted, which closely resemble vege- 
tation, if they are not actually of such nature, are abandaat in the out- 
flow from the long fissure. At the end of the ridge, half way down, these 
are covered by a thin streak of sulphur, which is deposited from a rill 
which here issues from an orifice in the side of the bank. 

Below the ridge, there are two extinct geyser chimneys above six feet 
in height. One of them is a mere mouud, with a smaller chimney sur- 
mounting it, while the other is more regular and open from top to bot- 
tom upon one side. No evidences of recent action are present, and both 
are gradually, though slowly, becoming wasted through the means of 
various weathering agencies. This action is, however, retarded in a 
measnie by the irregular aiTangement of the overlapping-plates of which 
the chimneys are composed, On the next bench above, a hot spring 
runs out of the bluff near the top, which contains much of tbe silky 
fibrous material, * and deposits of ferric hydrate are common in shallow 
places and at the edges of the bowl. This terrace is mainly a region of 
extinct springs, and many old orifices not now in action may be dis- 
covered by careful examination over the area. More or less of earth- 
quake action at different times is apparently indicated by the numerous 
stopped fissures which are especially prevalent in the small extinct gey- 
ser ridges and other similar elevations. The structure adjacent to the 
fissures is frequently more or less acicular, and sulphur becomes a prom- 
inent ingredient above the ninth terrace. Light incrustations of silica 
are sometimes formed about the smaller orifices, but it is seldom depos- 
ited in a pure state, being usually mixed with sufficient foreign matter 
to give it a dark color not pleasing to the eye. When quite pure, its 
component grains are usually much finer and more closely arranged 
than in the majority of instances. The deposition of silica iu all the 
springs seems to mark the declining stages of action, and small extinct 
orifices are quite commonly filled with a rather fine-grained calcareous 
sand. 

On one old ridge at this height, (eleventh terrace,) there is an extinct 
shallow bowl four by eight feet, with two very small bubbling springs. 
Carbonic acid can here be readily detected by the taste, and the silky 
fibrous material is abundant. The orifices are evidently dying ont, and 
the bubbling is %'ery irregular, the action for a time (sometimes five 
minutes or more) being very vigorous, then almost or entirely ceasing 
for about the same interval. There were also two other openings within 
the rim of the extinct bowl, which appeared to have recently died out, 
as the sand was still moist about them. No stream issued from the 
acting oriflces. The bowl occupies the summit of the ridge, and dry 
bathing-pools and evaporating-pans, in all respects similar to those pre- 
viously described, are ranged below on all sides as on the seventh 

•It is to be regretted that the determination of the natui^ of this substance was not 
more tborougbly made. The very limited time devated to this section, and that with- 
out asaifttauea except in paeking, rendered it absolutely neoeasary to pass hastily some 
of the most intereatlug features. It is worth recording, however, that this substance 
is always more abundant in the presence of carbonic acid. 
11. Ex. 283 14 
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■terrace. Iir the walls of some of these, holes were observed, some liav- 
ing served as mere exits for the coutents of the pools, while others, 
which exteud downward from the outside below the bottoms of the 
(tubs, doubtless gave rise to small springs at some time in the past. 

Below the ridge, ou the tenth terrace, there are several hot springs 
possessing a due share of interest, but none were noticed which differ 
jfufflciently from those already mentioned to require special description. 
These springe are mostly less active than those on the lower teiTaees, 
and they do not oveiHow to a great extent, though a few are of more 
than average dimensions. Grass is growing over the terrace quite 
generally. 

The twelfth terrace is a rcgionof greater activity, and in some respects 
it resembles the seventh terrace iuils developments, though the over- 
flow was by no means as gjeat at the time of oar visit as at the latter 
Jocality. 

Dr. Peale particularly speaks of a great redaction in power and over- 
sow on this bench which was observed between the summers of 1871 
and 1872. I have no means of comparing accurately the status of any 
terrace in 1873 with that of the preceding years, bat the overflow in 1871, 
as reported by Dr. Peale, was certainly greater than when visited by 
as in 1 873. Such comparisons will not be considered of much value, how- 
ever, when it is remembered that oar knowledge of the causes upon which 
the supplies of heat and water are dependent, is extremely limited. 
"The " cooling- vat " structure is here well displayed, but it differs in no 
Important particular from those previously described. Several promi- 
nent but not unique bowls occur at difterent points on the terrace, the 
various deposits and other products being no less interesting than those 
which have preceded. So mention has heretofore been made of the 
occurrence of unmistakable vegetation in not a few of the cooler springs 
throughout the district, in the form of green filaments of Gonfervoidm. 
These are naturally more abundant in the little rills which flow from 
the springs, but they are also occasionally present within the bowls 
themselves, and sometimes in water of a high temperature. That this 
vegetation is less common here than in other hot-spring groups, described 
in the preceding chapter, is, perhaps, due to the smaller proportion of 
iron in the water of the White Mountain springs. 

The thirteenth and fonrteenth terraces are occupied by three classes 
(of springs, viz: 1, The ordinary deep bowls, usually with no raised 
•walls above the surrounding surface. 2. The fissure springs. 3. Those 
wbit^i emanate from ridges or mounds, some of which may have been 
lictive geysers at one time. 

The common bowls occur almost without exception ou the fourteenth 
terrace, and, like the majority of such springs in the whole group, they 
evolve salphureted hydrogen. Few of them are especially interesting 
*ou account of their peculiar phenomena, though there is more or less of 
variety in their products. As a whole they may be regarded as repre- 
sentatives of the closing stages of heat action in this region, and their 
variations from the generality of the bowls in the group may readily be 
■explained by reference to the somewhat different conditions of soil and 
geological strnctare which here prevail. Lying as they do nearer the out- 
*i'op of the volcanic rock, the thickness of the ancient spring deposits 
js increased and the composition of the water more closely approaches 
4hat of the springs which directly cover trachytic material. Being com- 
paratively feeble in action, and located at the edge of a thriving forest, 
iiL the midst of a recent surface-formation, they also partake to some 
(extent of the nature of salses, or, more properly, several of these springs 
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nre more or less turbid. Sulpliur is a promioeDt ingredient and silica 
is present in fair quantity. 

Tlie tbiiteenth terrace is pre-emiuentlj- an area of fissures, there being 
several of large size, witli many smaller. Occasionally these are uow 
ocenpied by small springs, but tlie greater number are dry and show 
signs of great age, as we sliall presently see. Most of tbe fissure 
springs are of low temperature ; and, indeed, this is a characteristic of 
the whole series upon the thirteenth and fooiteenth terraces. Thesprings 
themselves possess very few features of special interest, but a carei'nl 
study of the fissures in which they occnr cannot but prove highly ad- 
vantageous in working out many of the present problems connected with 
the post-volcanic history of this section. It would be unwise to gener- 
alize extensively npou the few facts alreatly obtained, although a num- 
ber of interesting observations were made which might seem to warrant 
more definite eoticlasions than are here expressed. 

The monnds are so directly the reverse of the fissures that a cursory 
view would not lead one to suppose that they could be in any way con- 
nected in their origin, A carefnl examination, nevertheless, reveals a 
degi'ee of similarity in this respect which is quite surprising when first 
observed. The Assures very often extend through the axes of ridgea 
similar to the monnds in general shape, and almost every mound, whether 
closed or not, shows traces of aJissure-Une (if I may use the term) along 
its axis, between the spring orifices, if any exist. These and other facts 
point to the conclusion that the monnds, however formed originally, are 
produced by the closing of fissures through the agency of hot springs. 
The whole subject deserves more careful attention than any one has 
been able to devote to it as yet. Some of the mound springs, though 
often quite small, are brilliantly colored and very interesting; carbonic 
acid, as indicated by the sweetish taste, is often present in quantity, and 
iron and sulphur are common ingredients ; occasionally pools are formed 
on the sides of the mounds, and iu one case an ancient pool uow gives 
rise to a spring of some size, containing, besides a quantity of the silky 
fibers, an amount of the fungoid substiince referred to in connection 
with the large springs of the seventh terrsice. 

Evidences of age. — The upper benches just discussed may be easily 
reached from the tenth terrace by following a well-worn trait running up 
the dry bed of a stream which formerly carried otf the waste water from 
the springs above. Above the tenth bench there begins a fair growth 
of pines, many of which are sosituated with respect toancientspring bowls 
as to make it certain that they have grown since the extinction of the 
springs. Someof these trees, of the species PmM/&caiis, are fully thirty 
inches in diameter below, which, according to Dr. Parry, ia equivalent to 
a growth of five hundred years. In the direction of the clitt' to the left, 
and also partly upon the cliff itself, (twelfth terrace,) there are much 
younger trees, now dead, appearing as if killed by the springs, some of 
which probably existed there at a more recent date. Tiie evidence of 
the very great age of the larger portion of the spring-deposits becomes 
more marked and abundant as we go upward. The excessive weather- 
ing of the rocks, the thick accumulations of soil and detritus, and the 
heavy growth of very old timber, amply Illustrate the truth of this 
statement. In one broad and extended tissureon the thirteenth terrace 
tbe vegetable mold has accumulated to a sufficient depth to allow of the 
growth of pines fifteen inches iu diameter. Above the tburteeuth terrace 
some remains of ancient springs were noticed, more or less obacnred by 
the surfacc-tbnnations and by the growth of trees, whose roots have often 
largely filled tbe old bowls. Still higher the deposits become more worn, 
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and, finally, the vegetable mold becomes so thick that only an occasional 
exposure of the spring-formation is seen, while the timber becomes so 
densely crowded as to render jjrogress through it rather difficult. 

Bearing in mind the great length of time which must have elapsed 
after the extinction of the springs before vegetatioD could liave covered 
the terraces, as well as the extreme slowness with which deposits of 
vegetable mold are accumulated, we are justified in believing that at least 
one thousand years have passed since the complete cessation of activity 
over the upper or oldest terrace. It is, however, more than probable, all 
things being considered, that this era has extended over many times that 
period. It now we allow that all the spring-deposits of the first twelve 
terraces, counting from below, have been foi-med during this latter epoch, 
(which is scarcely possible,) we shall certainly not be overestimating the 
antiquity of the volcanic outflows in this section if we regard their age 
as fully eight thousand years. To one who has had the opportunity of 
examining this remarkable formation these figures will appear small in- 
deed, and I am myself convinced that a ijeriod of more than twenty 
thousand years has elapsed since the origin of the earliest springs in 
this section, at the very lowest calculation consistent with all the facts 
thus far collected. 

The composition of the products of the springs of this group is not 
difficult to explain if it be true, as there is every reason to believe, that 
a thickness of hundreds of feet of the limestones of Carboniferous age 
underlies a portion at least of these deposits. The general structure 
exhibited in Fig. 29 is ideal only as regards a portion of the section, 
and sections observed farther to the north are reported by Drs. Hayden 
and Peale to reveal fifteen hundred feet of the Carboniferous beds in the 
same relative position as here indicated. Although not positively ascer- 
tained, few indeed will be disposed to doubt that the springs originate 
in the eruptive rocks, and this would cause the water to reach the sur- 
face by passing through the limestone, dissolving it in its coarse and 
depositing calcic carbonate as its principal ingredient. 

Subterranean passage. — Sot fai' from the upper limit of the spring- 
formed rocks, quite near the trail, which passes high up through the 
timber, there is a large cavern with a narrow entrance from above at 
one side. The opening is not prominent, and might readily be passed 
unobserved by one in search of it. Mr. Creary and myself came upon 
it quite accidentally, and it was not visited by other members of the 
party. Two small pine trees had been conveniently placed as a kind of 
ladder leading downward from one end of this passage. It is highly 
improbable that these could have fallen into this position, from which 
it must be inferred that the cave had been entered by some one before 
our visit; but no reference is made to it in any writiugs upon the sub- 
ject of the springs that I have yet seen. As a cavern merely, this is 
not especially interesting, but its features plainly indicate that it once 
formed a part of the underground channel of a hot spring, and this ren- 
ders it important as a means of adding to our limited knowledge of the 
structure of such as are now in action. A section through the main 
portion of this cave is given in Fig. 33. The entrance lies at one 
side of the bottom of a depression which was evidently at one time the 
surface portion of a fair-sized spring. It is rudely hopper-shaped ; that 
is, it is narrower below than above, and it has a length of about six feet, 
an average width of three feet, and a depth of about three feet. Crawl- 
ing through the passage (o) and descending by the rude ladder, we 
found ourselves in a chamber (e) about nine feet in height, with a steep 
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sloping floor, covered witii a thick deposit of vegetable mold, which 
was carpeted with uiidecayed pioe leaves and the smaller branches. 




Fig. 33.— General Heotioi 
Moaotain, Gardiner's Rh'e 
1, a, surface contonr, ehowiDg 



A section taken along any given line fails to co.ivey an adequate idea 
of the extent and irregularity of this subterranean channel. 

The passage or constriction between e and d, Fig. 33, leads also to a 
larger chamber not represented in the cut, whieli coraniunlcates more 
directly with the descending channel, d. It is probable that a careful 
exploration will reveal one or more external openings, through which 
springs have once issued, in addition to the one already described. In 
support of this opinion, not verified for want of sufBcient time, it may 
be mentioned that much more light enters the larger chamber than 
would seem possible if the one entrance (o) discovered were its only 
source of supply. Some interesting deductions may be made from the 
structure of this cavern, the more important of which are reserved for 
use in chapter XIV. In this place it need only be remarked that the 
observed features point very clearly to the existence of one or more hot 
springs in this section in very ancient times which received their supply 
of water through these underground passages, and which obtained the 
substances deposited from this water by direct solution of the material 
of the surrounding walls. 

At the farther side of the chamber c, near the foot of the sloping floor, 
e, (Fig. 33,) Idiscovered the skull and other bones of a bison {Bos America- 
mis Gmelin,) of such size as to render the question of the manner of its 
entrance not an easy one to solve. The relative position of the bones, 
(which did not appear to have been disturbed since the death of the 
animal,) as well as the general position and posture of the whole, seemed 
to indicate a certain amount of choice on the part of the individual, from 
which I conclude that the animal did not die before reaching the bottom 
of the cavern. This also confirms me in the opinion that there are 
other external openings to this series of chambers, for I am persuaded 
that no animal of this size could fall into the opening ({i) without one of 
two results: either be would be able easily to extricate himself, or, if 
too severely maimed, he would remain wedged into the narrow passage 
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(o) nutil death ensued. In the latter case, the carcass would not fall 
UDtil so far decomposed as to prevent it from reaching the foot of the 
elope entire, and it is highly prohable that the head or some other por- 
tions would remain outside. The conclusion seems natural, therefore, 
that this animal in some way fell through a larger opening, perhaps 
into the adjoining chamber, from which he passed to the chamber c, as 
the one nearest the surface, trying to force his way tlirongh the passage 
(o,) untildeath finally came to liis relief. AUthebonesfound were well pre- 
served, but, in common with the surrounding objects, they were covered 
with mildew. From the fact that they were well imbedded iu tbe soil, 
it is not probable that the animal hi*d perished within a number of 
years, though certainly very much later than the extinction of the 
springs. 

The dampness of the air within the cave will be inferred from the 
growth of mildew and its allies, but very little water gains an entrance, 
and this by percolation only. As a consequence, a stalactitie growth 
takes |)lace very slowly in a few spots over the roof. 

This cavern is situated on the highest and most ancient hot-spring 
terrace, which is adjacent to the outcrop of trachyte tbrming the high 
timber-clad ridge above. This terrace is the fourth or fifth, at least, 
above the fourteenth or highest bench now containing active springs. 
It is very difficult to determine the exact number of the extinct benches 
on account of the thick growth of timber and the partial obliteration of 
the ancient contour of the surface by the various eroding and other 
agencies. 

In leaving a subject of snch great interest as that which occupies so 
large a part of this chapter, it may not, perhaps, be considered wholly 
out of place to reiterate a portion of tbe author's views on the benefits 
to be derived by science from these and other works of nature, within 
the limits of the tract reserved by the Forty-first Congress under tbe 
name of the Yellowstone National Park, These remarks, as given 
below, are quoted from an article which ap^ieared in the number of the 
American Naturalist for February, 1S74,* 

"It is a remarkable fact that the springs in different localities are 
widely dissimilar in many respects, and even those in the same locality 
often differ as greatly from each other iu some of their characteristics. 
The "White Mountain Hot Springs of Gardiner's Eiver are a note- 
worthy example of this, and did there exist no other reasou for tlie 
formation of a park in this region, the fact that here the successive 
steps in the history of the aneisnt volcanic action are so clearly portrayed 
is alone sufficient ground tor their protection. I venture to say that no- 
where in our country, not even in the truly wonderful caiion of the Col- 
orado, is so much of geological history crowded into such narrow limits 
as in this portion of the Yellowstone Basin. Sowhere in the world, I 
had almost said, is there to be found snch an infinite variety with so 
small an expenditure of material. The area within which all this is 
comprised is much less than ten square miles. Some of the moat inter* 
esting products are so delicate, and many of them are tbrmeil in situa- 
tions so peculiiir, that frequently the work of years might easily be 
demolished in a very few seconds. It is true that iu many cases spolia- 
tion may be rectified, but tiiere are numerous formations which have 
been and are now progressing so slowly that the work of accumulation 
can barely keep pace with the destructive effects of natural erosion. 

' Tlie yellomstoue National Park. I. Its Scientific Valne. II. Its Improvement. By 
Theo. B. Comstock, B, S., Aiueticao Naturalist, vol. viii, February nuA March, 1874. A 
few copies -were reprLtite<l in paiiiplilet form, eutitlfd " Tlie Scieiitiflc Value of the Yel- 
lowstone Park." 
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"And yet this remarkable section fiiroishes but a small portion of 
the attractions of the Park to tlie seientiflc observer. Hot and coM 
springs, mud -volcanoes, fumaroles, solfataras, and geysers; rapids, 
water-falls, and torrents ; deep-wnt oailons and craggy peaks, abound iit 
every direction ; lakes, gorges, and cataracts surprise one almost at 
everj- turn, and tbe whole is situated at a point where 'the grand Eocky 
Moantain system culminates in a knot of peaks and ranges inclosing' 
the most remarkable lake-baslu in tbe world. From tbis poiut radiate 
the chii'f monutain-ranges, and three of the longest rivers of tbe conti- 
nent — the Hissonri, the Columbia, and the Colorado.'* 

"These being preserved by act of Congress, the earnest student of 
natnre will always find an abundance of fresh matter for research in 
nearly every department of science. Here he will find ready to his 
hands a laboratory of physics in which he may observe on a large scale 
the action of tbe various forces of attraction and repnlsion, and new- 
illustrations of the correlation and conservation of energy cannot fail 
to attract his attention. He will flud the laws of crystallization ex- 
emplified in forme novel and instructive, and wilt, doubtless, witness 
many new and varied phenomena of heat, light, and eleetricity.f 

"The chemist will interest Limself in problems of analysis and syn- 
thesis, in the processes of solution, condensation, and evaiwration, and 
the chemical changes incident thereto. To tbe botanist and the vege- 
table physiologist tbe field is open for observation and wide experimeo- 
tation, but there exists even at this great altitude a store-house of facts 
bearing upon the distribution and fertilization of plants and tlte almost 
indefinite related subjects. The zoologist and the student of compara- 
tive anatomy may also hope for rich rewards in but partially explored 
fields, and the meteorologist, astronomer, artist, and physician may each 
find here full employment for his peculiar talent Speaking from a 
geological standpoint, I can, from my own experience, promise the 
enthusiastic student of our earth's history a view at once so complete 
and so overwhelming as to enchain his whole attention." 



CHAPTER XI. 



IX. Prairie Group, Warm Spring Creek — X. Silica Jets on biaucli of Warm .Spring- 
Creeli — XI. Brioistone Group — XIL Hot 8).>riD};s on Euat Fork Martison River — 
XIII. Prominent bowls of Lower Fire Hole Viilley — XIV. Half- Way Groap. 

Eeturniiig to Camp 41, on the Bast Fork of the Yellowstone, the train 
then proceeded southward along the left bank of tlie main river, after 
crossing by the Miner's Bridge, a substantial structure which spans the 
torrent not far above the entrance of East Fork. Ho prominent groups 
of springs are met along our trail until the valley of Warm Spring 
Creek is reached, more than twenty miles farther up the river. Tlie 
existence within these limits of three groups, including fifteen bowls, is, 
however, reported by Dr. A. C. Peale in his report for 18T2, These are 

' " Wonders of the YellowstODe," edited by James Rieliiinlsou ; ■' Ilhistcated Library 
of Travel, Exploration, and Adventure," edited by Bayard Taylor. New Yorli ; Sui'ib- 
ner, Armstrong &, Co., 1873. 

t Some interesting observations of otliers are quoted in tbe article from wbicb tbesjs 
remarks are copied. 
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located near the western edge of the Grand Calion, at the aoiitheastern 
base of Monnt Washbnrne, and, consequently, at some distance from 
onr trail, which passed to the westward of this point, to avoid recent 
obstructions in the old path,* In the same Tolume, Doctor Peale also 
describes one or two interesting collections which he visited upon a 
stream to which the name of Violet Creek was given. These springs 
were not ])assed by Captain Jones's party, but a glimpse of them was 
obtained by myself wbile making the trip from Cascade Creek to the 
Geyser Basins of Fire-Hole Eiver one day in advance of the train. The 
route then pursued varied in some respects from that followed afterward 
by the main party, being less direct and bearing well to the southward, 
wben these springs were seen in the distance. Even the imperfect 
view thus obtained was sufficient to enable one to judge that the group, 
as a whole, possesses features not less interesting thau those of any 
other collection within the limits of our leconuaissance, and this opinion 
is substantiated by the report of Dr. Peale, who describes them as "an 
important group," and meutious some very striking peculiarities iu con- 
nection with them.t 

tX. — WARJt SPEIKG CKEEK, OE PEAIEIE GEOUP. 

A short distance above the rapids, which occur above the upper 
falls, two streams enter the Yellowstone Kiver nearly opposite each 
other. The one flowing from the right bank is named Sour Creek upon 
the map of Captain Jones, which also forms the basis of the colored 
geological map accompanying this report- 
Warm Spring Creek, rising near the divide between the waters of the 
Madison and Yellowstone Elvers, enters from the left bank just l>elow 
the collection of hot springs known as the Crater Hilis Group. (Group 
IV, ante, chapter IX ; see also Fig. 16.) The valley of this stream is 
rather narrow, but marshy, the descent beiog comparatively slight for 
some distance above the junction of the creek with the river. 

The bluffs upon both sides for the distance of a mile or more are 
clothed with a thick growth of timber; but above this a wide expanse 
of bigh-roUing prairie wedges in, as it were, between the forest patches. 
The springs being almost wholly located outside of the timber, the name 
Prairie Group suggests itself as not inapitropriate tor use iu designating 
them. 

The first collection of hot springs occurs about two miles above the 
mouth of the cre*k. They are situated mostly upon the left bank, not 
far from the main stream, with which they are connected by a small 
branch entirely supplied by their overflow. The temperature of the 
water is sofflcieutly high to heat the contents of the creek to a ^ery per- 
ceptible amount above the previous temjierature and to make this in- 
fluence felt for some distance below. The springs themselves do not 
differ essentially from otheis which have already been described not far 
distant ; but such differences as were noticed furnish a clue to the causes 
of obseri'ed dissimilarities in the members of a single group. In other 
words, we are here given a strikiugillnstration of the principle elsewhere 
enunciated, that variations in the character of different springs are de- 

• A Bingle apriiiff emerges irith force in the deep canon of Towur Creek near its junc- 
tion Ttitli tbe YeTlowBtone River, and othava ai'6 scattered thinly along tEie bauks of 
the latter. See " Isolated Springs,'' uuiiev aeettou VJ, chapter IX. 

I See report of Dr. A. C. PeuTe in United States Geological Suivb.v of Montana, 
Idaho, Wjoniiug, and L'taii, 1872, pp.134, 135. Waahins'tou; Goveiumciut Printing 
0£Bce, 187:!. 
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pendent, DOt only upon dissimilar geological strncture, Ijut also very 
lai-gely upon variations in the intensity of the subterranean forces. 
The strncture at this point is almost identical irith that along the banks 
of the Yellowstone, in the neighborhood of the salses ; but the deposition 
oi sulphur is here more abundant in proportion to the size of the springs. 
In general, the bowls may be described as sputtering fumaroles, though 
there are a few fair-sized pools from whioh little or no vapor ordinarily 
escapes. Tbe clearness of the water, compared with that usually 
present in springs emerging from tbe old lake-deposits, and the marked 
absence of mud-bowls, is a matter of some surprise to one who has pre- 
viously visited the groups which lie iii similar relations to the lacustrine 
formation. This seeming discrepancy may readily be understood, how- 
ever, by referring it to the comparative feebleness with which the 
water is ejected in most of the members of the Prairie Group. 

No new products, structurally or chemically considered, were here ob- 
served, nor were there forming any deposits of sufficient extent to merit 
special consideration. 

The presence of iron is less apparent in the coloring of tbe products 
than is often tbe case, but tbe constancy and rapidity of the outflow of 
the water, though in comparatively small quantities, is sufficient to 
account for tbe absence of such iudications. At the same time the 
smalt amount of special deposits formed by precipitatiou from the 
water after it has become condensed by cooling, points to the conclu- 
sion that the solution of the subterranean rocks is less complete than in 
many localities. 

Another important collection of thermal springs occurs two or three 
miles farther np the \alley of Warm Spring <Jreek. These were just in 
view from tbe iioint at which we (Mr. Oreary and myself) turned south- 
ward, away from the creek, but the trail of tbe main party passes the 
group at no great distance, if 1 am not mistaken. 

The water which flows from them remains cpiite hot until it has 
reached a point below our crossing, 

Tbe valley has been cut down to tbe nuderlyiug igneous roek at our 
ford, and the clear water passes over it in a broad shallow stream. So 
far as we were able to ascertain, the prominent springs of this upper 
group emerge from tbe voleaine rock. Quantities of vapor were ascend- 
ing from the locality at the time of our passing, which was not far from 
3 p. m., (August 22.) 

X. — lioILI^"(;■ spgixus keai; souuck or waeji hi'eikg creek. 

After crossing Warm Spring Creek, we puabed on in a southwesterly 
course for several miles, until a severe storm of wind and rain (we had 
been nil day exposed to a cold, drizzling rain) forced us to take shelter 
upon tbeleesideof a forest. After a time we were ableto proceed, wheu 
we soon struck a trail (Barlow's, 1871) for which we had been searching, 
which led us near to the source of the creek. By leaving the trail at a 
point where it turns to make a considerable detour, we made an advan- 
tageous cutoff, not impracticable for riding animals, and quickly 
reached an interesting group of springs, in tbe neighborhood of which 
we spent the night. 

The train camped here on tbe following day, making Camp 44. 
Tbe stream on which these hot springs are situated probably comes 
from cold springs some distance above, a number of which also add to 
its volume from along its sides in a meadow above our camp. Here it 
also meets with a number of hot springs, which, with tbe contributions 
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from the numerous boiling springs below, soon render tlie water excess- 
ively liot. This upper meadow is partially separated from another in 
whleh we were camped, by a lidge of tracbyte, wbicli has been cat 
through by the stream. 

The springs are scattered along both sides of the creek above aud 
below, but the most powerful and interesting bowls occur near the edge 
of the current, on the left bank, jnst within the lower end of the short 
pass or gorge. This set of jets, as they have been called, is the nearest 
approach to geysers that we have yet noticed, and, in the ordinary 
acceptation of the term, it would uot be improper to designate them 
thns, but it will be more convenient and, for out purpose, more correct 
to describe them under the present head. We will therefore consider 
them merely as sptirten, a kind of highly active boiling springs in 
which the water is thrown to a considerable height, but in a manner 
differing essentially from the ernption of a trne geyser, even when the 
latter is in a state of constant activity. This distinction is one of not a 
little importance, but, as it will be found more clearly defined in the 
chapter partly devoted to the discussion of the general subject of the 
hot springs and geysers, (chapter XIII,) no further attention need be 
given to it in this place. 

These springs vary in size and intensity from furious boiling pools, in 
which the water spurts but an inch ov two, to those in which it is throwu 
to a height of more than twice that number of feet. Oue bowl in par- 
ticular, the largest in the group, is partly surrounded by a chimney 
nearly five feet in height, and the water is occasionally thrown to a 
height of more than six feet, so as to pass completely over this rim. 
The contents of this bowl are continually agitated, and the constant 
but irregular thud of the snccessive impulses reminds one vividly of 
the sound produced by the dashing of the water on a rock-bound coast. 
The chimney is open on the side next the stream, thus allowing the over- 
How to pass off freely in this direction. It is difficult t^i imagine the 
building np of such a compact and regular wall by the mere accumula- 
tion of solid particles derived from the evaporation of the ejecte<l solu- 
tion, and yet the evidence is abundant and quite conclusive upon this 
point. Some idea of the antiquity of the spring may, perhaps, be 
gained from a knowledge of the fact that a small portion only of the 
water which is projected from the bowl falls In a i)osition to be availa- 
ble for the pnrpoae of increasing the height or thickness of the wall of 
the chimney. Tbere are several smaller orifices with correspondingly 
diminished chimneys, but the majority of the minor springs of this 
group are mere bubbling jets, in which the water^is occasionally spurted 
to the height of a few inches, and these are uot usually provided with 
raised walls. In alt of these, however, there is something of an ap- 
proach to the same structure, and a few differ only in degi'ee from 
the largest bowl, 

The water as it falls and evaporates abont the smaller orifices spreads 
out so as to form a sliglitly arched covering over the babbling pool, 
with an opening near the center, through which the jet is forced ; in 
the large bowls, on the contrary, the volume of agitated water keeps 
open the space above the pool, and thus only the liquid which falls 
outside its limits can become evaporated, while the greater rapidity 
with which the accuiualatiou takes place causes the resulting wall to 
rise much more nearly in a vertical direction. 

Sulphureted hydrogen gas is evolved from some of these springs aud 
small deposits of siilphur are formed in favorable situations, but the 
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chief and most cbaracteristic ingredieut througlioiit is silica, of wliich 
the chimneys are mainlj' coinpoaed. 

Were we to classify these jets according to the character of tiie de- 
posits alone, their place would undonbtedly be among the geysers, for we 
lind here not only a comi>o«tion nearly identical with that of tLe prodncts 
in the Fire-Hole basins, bat even the pecnliar structure of the geyser 
products is very closely iuutated iu the formations about the bowls. 
About some of the smaller jets clear white deposits of the most beauti- 
ful geyserite me formed, resembling porcelain beneath, with an npper 
surface of deli(;ate tracery or of coarser escreseency, according to the 
force of the falling water. Hometimes a glistening pink surface is dis- 
closed by the fracture of the rongher incrustations, which are usually 
of a light-brown color. Manganese in the form of pyrolusite (manga- 
nic dioxide) is extremely abundant as a coating to parts washed by the 
outflow and by the falling spray, as well as on portions of the interior 
walls of many of the bowls. Iron is not scarce, being more particularly 
present exteriorly, where it gives rise to the brown and pink colors 
which are visible in the siliceous crust, and it is noticeable that the 
growth of green cryptogamic vegetation in the water is especially abun- 
dant in those spots where iron is most common as a deposit. The pro- 
portion of this ingredient is, however, not as great as in many sections, 
the trachyte being lighter in color in consequence. 

The following description of specimens obtained from this locality 
will serve to exx>laiu the special features observed : 

a. Igneous rock from the wall of the gorge, a part of the ridge 
through which the stream has been cut. This is a trachyte of a pur- 
plish tint on a surface of fracture and weathers light-colored. 

b. An incrustation of siticeom sinter or geyserite, forraed about the orifice 
of a small jet. The water, falling as a coarse spray, has produced upon 
the upper service a peculiar kind of ornamentation almost impossible to 
describe, but which may be compared to a quantity of brown beans, 
partly imbedded in a rock, 

e. Piece broken from the channelof the same jet, where the water flows 
out. This is coated with a dark yellow incrustation caused by the ad- 
mixture of snlphur (1) and ferric hydrate, and is very largely composed of 
manganic dioxide, which give it a soft earthy texture. 

d. Small island-masses standing in the bed of the outflow from the 
largest jet. The topis covered with relief work not unlike a cauliflower- 
head in general appearance, but more deeply indented, formed by the 
action of the returning water as it falls from the jet. The upper por- 
tion of the side is coated with black, (possibly a sulphide,) and the 
lower portion is covered with a considerable deposit of alumiiiic hydrate- 
and ferric hydrate mixed {bauxite) of a light coffee-color, A section 
shows that the whole is composed of a rather irregular alternation of the 
three minerals geyserite, pyrolusite, aud &aimte, there being no mixture 
of these at any point, on account of their different specific gravities. 
The deposition of the bauxite and pyrolusite at the same distance 
from the jet, therefore, indicates some variation in power at different 
times.* The siiiceous sinter, or geyserite, which comprises the greater 
portion of the mass, is compact and glistening and rather dark in color. 

e. Portion of the outside of the rim of the lower or open side of the 
largest jet. Here the surface is exposed to the combined action of the 
overflow and the falling water ; hence the mammillary excrescence is 
coarser and leas regular, while the flowing off of the water has produced 
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mncli the same features as iu spejsimen c, thoa^h on a tnncli larger 
-scale. Pyrolusite is promineDtlj present as an incrustation, bnt it does 
DOt accumulate on surfaces exposed to the washing action of the water. 

/. Fragment of soaked wood taken from the water at the outlet of 
the largest jet. This does DOt show signs of silicitication after months 
•of exposure to the air, (from August 2:}, 1S73. to Saptember 17, 1874/) 
though it had previously become softeued and thoroughly permeated by 
the hot liquid. Its color, as at first, is uow a light brown, and it has 
become toughened by drying, without, however, inereasiug io brittle- 
ness. 

g. Earthy moss obtained from beneath the water in the streiun below 
the largestjet, originally formed as au iucrastationupon a small branch. 
The impression of a portion of the wood is left as a groove in the lower 
side, A deposit of -pyroluHiU was first formed, but this is now covered 
by an accumnlation of ftaja^ite, one-quarter of an inch in thickness. The 
upper or outer surface is ornamented slightly by annulai' grooves. Here 
again we have evidence of a change in the force of ejection of the same 
nature as reeorded under d. The deposition oialumina (as hauxite) in a 
spot previously characterized by the precipitation of pyrolusite, indi- 
cates a diminntlon of intensity since the epoch of the formation of the 
black coating at this poiut, 

There can be but few subjects more interesting or more promising of 
rich results iu the investigation, than the tracing of the numerous hot 
springs through their various products back to their origin in the igneous 
rocks. In the present case, we need go no further than the immediate 
Ticinityofthe group for eruptive material which contains all the mineral 
ingredients of the spring deposits, so that we may be justified in l>eliev- 
ingthat the source of these bowls, so far, at least, as their products are 
concerned, is not far distant. The source of the heat and other possi- 
ble forces concerned in the movement of the water, is, however, quite 
another question, and one which can only be answered after a carefnl 
review of all the facts, and a comparison of the features and phenomena 
-of a large number of widely-separated springs. 

SI.— BEIMSTONE GEOUP. (SOLFATARAS.) 

Less than a mile distant from the silica jets just described, in a south- 
westerly direction, an important collection of solfataricfumarotes exists 
as the main source of another branch of Warm Spring Ci-eek. There 
are many points of similarity between this group and that ou Turbid 
Lake, described in chapter IX, (group I,) but the salses of that section 
are here scarcely represented, while the activity of the solfataras is much 
increased. 

The geological structure is ranch tbesame in the two localities, although 
the Turbid Lake Group is more than 1,500 feet below the level of the 
Brimstone Group. From this fact it maybe inferred that a smaller lake 
has existed in the past, or perhaps a series of lakes at a much higher 
altitude than the great Yellowstone basin. It is also highly probable 
that these were drained in the direction of the great lake, though the 
exact course of the outlet cannot be determined without more thorough 
and extended investigation. Several ponds and pond-like depressions 
still remain, and although theii' relations to the present drainage system 
cannot, in all cases, be clearly made out in a cursory view, there is still 

* Though I eau see no reason to suppose that it would canxe any dilfereuce id the re- 
sult, it may be well to state that the Bpecimen lias heeu tightly wrapped in paper during 
the Tear that liaa elapsed since it was obtaioed. 
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much reason for the belief that all are more closely connected with the 
Yellowstone slope than with that of the Madison River. A largo but 
not rapid stream passes ofl' from the neighljorhood of the springs, which 
is probably the main source of Warm Spring Creek, the outflow from 
the silica jets being more properly considered a branch of this. A sul- 
phurous pond not more than one-quarter of the size of Turbid Lake is 
situated near one side of the group, lying some feet above the flat on 
which most of the springs are located. Some vapor was arising from 
a few of the oriflces at 8.30 a. m. on the twenty-third of August, but 
signs of previously greater activity were apparent. It is tlierefore prob- 
able that these spriugs are subject to periodical agitation, though no 
facts were elicited which could aid in determining the intervals between 
eruptions. 

The time spent in this locality was not sufficient to allow of much care- 
ful work, and the nature of all the products was consequently not ascer- 
tained ; sulphur, however, is the priuvtpal ingredient, being probably 
produced here in greater quantity than in any other portion of the 
ifatioual Park thus far described by the several authorities. There are 
some bowls of considerable size, but the most striking feature of the 
whole area is the occurrence of a large number of small orifices, in 
which the water bubbles constantly, giving rise to deposits of crystal- 
lized sulphur, which are formed upon the walls of numerous cavernous 
incrustations. The various interesting effects produced by the action 
of sulphurous water and vapor in other sections are here displayed on 
a scale of some magnitude, whenever the necessary conditions are 
present. 

The pond and some of the larger bowls occur in a spot which con- 
tains a few feet of limestone deposits as a surface formation, while the 
solfataras emerge more directly from the underlying trachyte. The 
whole group is, perhaps, one hundred feet above the level of the jets 
described in section X. 

Local deposits of ferric hydrate were obser\'ed, but nothing was seen 
to indicate the deposition of manganic dioxide as a prominent deposit. 

In the midst of the dense forest, about half a mile beyond this group, 
the trail passes partly around a small lake of clear fresh water, not in 
the least unpleasant to the taste. Its size, late in August, was not less 
than forty rods in diameter, and the signs of water action extended for 
some distance up the steep slope of the gravelly beach, showing that it is 
much larger at times. I could perceive no outlet, and it is not impossible 
that it has underground connection with some of the neighboring hot 
springs, although it is lower in position than the Brimstone Group, I 
think. 

Xrl. — HOT SPKINGS ON EAST PORK OF MADISON BIVTSB. 

Heavy deposits and other evidences of the former existence of springs 
over a portion of the area drained by the East Fork of the Madison and 
its tributaries," occur abundantly along our course, which also here dif- 
fered somewhat from that afterward taken by the train. No active 
springs were observed of special importance until a prominent group, 
on the left bank of the East Fork, was reached shortly before entering 
the Lower Geyser Basin of Fire- Hole Eiver. There are, however, a large 

'' Ou the maps, two streams flowing into (be Madison River are named alike (East 
Fork.) That referred to throuKhout this report is the more southerly, which has re- 
ceivert the name Haydeu'e Fork from members of the espedition of 18JS, though this 
appellation has not become general. 
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number of tliermal springs, more or less isolated, in the valley of East 
Fork, which we could not stop to examine, wbile the existeuce of others 
is indicated by the amount of highly-heated water contained in the 
stream. 

Judging from the accoants of other members of the expedition, as 
well as from the published reports of Dr. Hayden and others, we prob- 
ably missed many of these by passing in a nearly direct line through 
the timber for some distance before striking the river. 

In the group just mentioned there are more than a dozen large and 
mportant bowls, some of which are vigorously active, approaching even 
to the smallest geysers in the foree with which their contents are occa- 
sionally ejected. At the time of my visit to this locality, (2 p. m., August 
23,) the activity was not as great as is sometimes the case, for there 
were signs of recent oveiflows much more extensive. Very little vapor 
was then ascending from the spot, but dense clouds were afterward 
given off. The springs vary in size from mere oriflces less than an inch 
in diameter, to deep bowls having circumfereuces of from thirty to 
forty feet. 

There is considerable variety in the phenomena here exhibited, some 
of the larger bowls being comparatively quiet, others almost incessantly 
boiling, though quite regularly, while others sputter, and even eject the 
water in jets. Besides these there are not a few seething soll'ataras, 
and the contents of one bowl alternately rise and fall in connection with 
excessive ebullition. Some of the springs have no rims other than the 
adjacent soil, but the majority are ornamented in various ways, several 
being provided with raised chimneys of no great height. 

Here again we find the geological structure not widely different from 
that observed in the neighborhood of the Yellowstone Lake at the Tur- 
bid Lake Group, (I, chapter IX,) with, perhaps, a much smaller propor- 
tion of alumina in the uiicompacted surface-formation. As a consequence 
of the latter feature, silica predominates in the products of this section. 
Iron and sulphur are also present in sufficient quantity to give charac- 
ter to some of the highly-colored deposits, and the latter is found lining 
the interior of many of the smaller oriflces in the form of delicate yellow 
crystals. A green cryptogamic (!) growth is present in some of the 
larger bowls, which offer favorable conditions of agitation and tempera- 
ture. 

Another small collection of springs, manifesting quite similar phe- 
nomena, occurs directl.y on the trail, just at the entrance by a kind of 
pass to the Fire-Hole Valley. One or two geysers with low chimneys 
also exist here, but they were not in action when we passed them. As 
in the group near the stream, mentioned above, there are some bowls 
which are quite extinct, while others appear to have been more recen t ly 
formed than most of those in action. None are sufliciently unique to 
require special mention, and the two collections may be considered as 
one so far as essential features and products are concerned. 

In passing down to this i>oint from the summit of the divide between 
the drainage systems of the Yellowstone and I^fadison Itivers, we obtain 
a vertical section of two thousand feet of the eruptive rocks, though the 
structure is greatly obscured in many places by immense deposits of 
ancient spring products or by thick accumnlations of vegetable mold. 

Some peculiarly-mixed varieties of rocks of igneous origin occur under 
circumstances which suggest mere local distribution as veins or dikes ; 
bnt tlie genera] order of arrangement can be made out with some degree 
of satisfaction. 'Without attempting an aecurate classification, the 
following may be taken as a representative section ; beginning above 
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(I. Hard and compact trachyte, witli a crypto-crystalline texture ; 
nnderlaW by, 

h. Quartzose trachyte, [f granitic rliyoUte, or neeadite, of Eic'jthofeii ;) 
wbieli covers, 

e. Obsidian; above 

d. Volcanic breccias, &c. 

XIII. — SPRINGS IN LOWER GEYSEB BASIN, FIEE-IIOLE EIVEfi. 

Just beyond the locality of the last-described group, a sudden lurn 
to southward brings us quickly in sight of many more hot springs and 
geysers belonging to several more or less connected clusters which 
occupy a large area in the lower valley of the so-called Fhe-Hole liiver, 
covering the district now commonly known as the Lower Geyser Basin. 
The highly- interesting phenomena of the geysers in this section claim 
such agreat share of the observer's attention that the many non-eruptive 
aprings may readily be overlooked unless some special attention is 
devoted to them. In attempting to describe the more important of 
these, we are met at the outset with the difficulty of drawing a close 
line of separation between the hot springs and the geysers. This sub- 
ject will be discussed, however, in its proper place, and we may proceed 
withoot present delay to take up here such of the bowls as do not 
properly come nnder the head of geysers, as defined at the close of 
chapter XIII. 

The remains of ancient, extinct springs are quite as abundant as the 
deposits of recent formation, covering as they do portions of the igneous 
rocks of different ages in the neighborhood of the basin. Not a few of 
the active springs now occupy the summits of mounds which have been 
built up by former geysers; and the present bowls of such represent 
the last stages of the warring subterranean forces. 

Upon entering the Lower Geyser Basin, we first crossed a broad, flat 
tract, clothed with a rank growth of grass, except in spots subjected to 
inundation by the overflow from the hot springs and geysers duiing 
the flood seasons.* Some hot springs have previously existed in cer- 
tain portions of this tract, and the evaporation of their contents when 
spread over the surface has left- impressions of some interest, though 
upon a scale of no great magnitude In a series of quite shallow pools 
thus formed on the plan of the evaporating-paus of Gardiner's River, 
the ornamentation and other peculiarities of that region ate very closely 
imitated, while fine examples of mud-cracks are shown in those which 
have been so recently pro<luced as not to allow of the accumulatiou of 
a deposit of sufficient thickness to conceal the soil beneath. Silica is 
the principal ingredient of all the bowls of this basin. 

Extinct geysers. — At the edge of the timber, near the flat, there is 
a sluggish spring, which issues from the center of a conical geyser- 
mound four feet iu height. By the unequal degrees of evaporation in 
various parts of the outflow, the top and sides are streaked with shades 
of red and yellow, which give the whole an appearance very striking, 
but not suggestive of an agreeable object; for it forcibly reminds one 
of an ulcerous discharge from a putrid sore. The mound is the accu- 
mulation of a geyser long since extinct, and the deposits from the subse- 
quent spring have nearly closed the orifice, so that the present discharge 

* Th^re ia no lack of evideuoe here, as eluewbere, buth iu this valluy auil iii iicuer 
parU uf the National Park, that the aoiuant of the ootflon has beitD recently much 
more abundant. The term " fiuod->eam»s" ia used here to desiguate tlie period of aiich 
increase, without regard to the actual timei* of aticli o 
which they have been produced. 
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ia much reduced in quantity. The vivid colors are produced by the- 
precipitation of ferric Lydrato and a small amount of sulphur upon a 
white ground produced by accumulatious of silica and calcic carbonate 
witb more or less of the common impurities. 

From this point southward, after crossing a small stream coming in 
from the east, the surface is covered with a fine calcareous saud, through 
which progress is made with some difficulty, and this is succeeded by a 
similar loose deposit, with a thin crust not firm enough to support the 
weight of a riding-animal. Continuing this course, a low, broad, mound- 
shaped hill is ascended, upon which there are several geysers not to be 
distinguished by casual observers from hot-spring bowls, except when 
seen iu action. Upou one side of the eminence over which the greater 
portion of the drainage passes, the bathing-pools and evaporatingpans 
of the Gardiner's River Group are represented on a reduced scale, and 
several small springs of no special importance emerge in their vicinity. 

Mu^eaMron. — Baeli of this group of geysers, in a hollow of the ridge 
to which they also belong, there is a large mud-caldron in a state of 
violent agitation. 

The contents consist of a thick, pasty mnd, of a great variety of colors, 
from clear wliite to the moat brilliant red. The surface of the sputtering 
mass is several feel below the edge of the bowl, and the interior of the 
pit thus formed is lined with red, blue, and yellow deposits, caused by 
the clinging of the mnd which is spurted fitfully upon the disruption of 
many viscous cones temporarily formed by the resistance offered to the 
ejecting force. The shape of tlie pit is irregular, approaching the ellip- 
tical, with a depth of three or four feet and diameters of about thirty-five 
and sixty feet. The mud is composed of a rather streaky mixture of 
siliceous, calcareous, and argillaeeous material, with tlie not uncommon 
concomitants from which the deep red and yellow colors are derived. 
Owing to the constant and excessive agitation of this material tlie union 
of the ingredients is more complete than inmany of the mud- bowls, and 
the colors are consequently more nearly blended into one. The boiling 
takes place over a large surface, perhaps more vigorously near one side, 
and small cones or puffs are raised temporarily at each center of ebulli- 
tion, which finally burst from the continued pi-essnre, often spurting to 
a height of four or five feet. Smaller mud-springs occur in the neigh- 
borhood, and there is one bowl of clear water, nearly or quite as large 
as the mudcaldron itself. Prom my own observations I was led to sur- 
mise that the clear spring, and the mud-caldron, or saUe, are subject to 
more or less of periodical variation in the intensity of their action, but 
this supposition is based uikiu too little knowledge to be of any special 
valne by itself. It is mainly based upon variations noticed in the amount 
of vapor ascending from the pit. 

We next passed across a marshy and slushy valley, down which an 
important series of geyser clusters shed their surplus water. Camping 
as near as convenient to the White Dome, (described in chapter XIII,) 
the remaining springs of the basin here mentioned were visited on the 
following morning. It should be understood that the writer has placed 
these bowls in the category of hot springs, according to the best of his 
judgment, after a review of the geysers in this and other localities ; but 
it should also be borne in mind that some, at least, of those described 
as mere springs, may be true geysers which we were not fortunate 
enough to observe in action. Such errors, however, are of trifling im- 
portance, when the close connection existing between the two classes of 
bowls is duly considered. 
North Branch. — North of east from our camp, less than half a mile 
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distant, thei'e is a group of powerful geysers amoQg wliicli occur several 
bowls leas evidently eruptive in character. As a rule, the latter do 
not, apparently, contribute a notable amount of waste liquid to the gen- 
eral outlet of tlie gronp; but in one or two cases the ovoiflow is very 
considerable, if not even equal to the ejections from some of the larger 
intermittent geysers, owing to the constancy of the flow. One of these 
thermal springs is much more feeble than it has been at some earlier 
period of its existence, as is evident from the dryness of ii large bowl 
at the surface, below the bottom of which the present spring is boiling 
with a marked resonance. Not far from this is a pool in which the 
■water hubbies constantly over the greater part of the surface, but boils 
fiercely near the edges, as if straggling to free itself from beneath a 
projecting rim. Another, near the last, has been a powerful geyser at 
some time in the past, for it is surrounded by the peculiar stalagmitoid 
prominences, so commonly produced by the water as it falls to the 
ground after its ejection. The pools about the bowl were qaite dry at 
the time of our visit, but it is quite possible that we have here a geyser 
in which the eruptions occur only at long intervals, as in the Giantess, 
elsewhere described, {chapter XIH.*) 

Above all of these springs there is a large and deep bowl filled with 
hot, but not boiling, water, and there seems good reason for the belief 
that this is not a geyser, in the fact that it contains a quantity of a 
brown colloid substance, which could not thus accumulate in pools sub- 
ject to periodical agitation, unless the dormant intervals were extremely 
long. But again, the water in tliis bowl is constantly pouring over the 
edges in a steady stream, thongh not in excessive quantity. It is pos- 
sible, it is true, that there may be some underground connection which 
famishes direct commuuicatiou between this spring and one of the 
neighboring geysers, bnt snch a passage is not clearly apparent in any 
way. The so-called colloid matter is occasionally found incrosting bits 
of wood and other similar bodies floating in the water. In such cases 
it is often almost or quite crystalline in texture, a result which may, 
perhaps, be induced by contact with organic matter. A Coleopterous 
and a Nearopterons insect were taken from the water of this bowl, and 
others were found in similar situations in other localities. 

South Branch — A short distance west of the White Dome Geyser the 
main creek is formed by the junction of two forks; the cluster above 
mentioned being located on what may be termed the North Branch. 
For convenience of reference, the main stream will here be designated 
as White Creek, a name suggested by the prevailing color of the depos- 
its along its sides. The South Branch, besides the geysers whicJi largely 
supply it, receives the contributions of a number of thermal springs in 
addition to snch bowls as are of doubtful nature. A few are deserving 
of a fuller-notice than can be given in this place, although their pecu- 
liar characteristics are mainly the results of coiubiuations of features 
already described. One who has never remarked the marvelous variety 
which is not seldom produced by very slight changes iu the relations of 
parts or in the occurrence of physical conditions, can form no adequate 
idea of the great diversity of delineation which is here displayed. 
There are springs with ornamented borders and springs which are 
mere holes in the ground filled with water ; some are deep, with axure- 
tinted contents, while others are almost forbidding in their aspect, 
reminding one of nothing less disgusting than a tub of sloppy liquid. 
In some, delicate rims of their own deposits project inward over 

' See Unknown Cieyser, chftplcr XIII, 9. 
II. Es. 2Sd 15 
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the surface of the water; others are provided with luargins no less 
fragile which project upward as fringing i-eefs, aud not a few are 
hemmed iu by stout walls of coarser composition. There are those with 
deep pits, in which the water bubbles, or gurgles, or roars, or simmers, 
or sputters, or spurts, aud there are quiet bowls, steadil j-flowing springs, 
and Jitful pools. The character and composition of flie deposits, Uie 
wouderiul variety and combinations of their colors, and the numerous 
conditions under which they have been acciiuiulated and distributed, 
have resulted in the production of effects impossible to describe, never 
to be justly interpreted by the most skillful aittst. 8ucli, in fact, may be 
said of each prominent collection throughout the whole district of hot- 
spring action, no less trnly than of the South Branch cluster, which is in 
some respects exceeded by many of the grouiis already described. Our 
passage through this portion of the basin was too rapid to allow of much 
detailed observation, and a very important cluster of geysers aud ther- 
mal 8|)rings on the main trail, at the junction of White Creek with the 
Fire-Hole JJiver aud below, was necessarily left unexamined. 

Desiring to reach the upper basin as early as possible, we pursued as 
direct a course as practicable through the timber to a point on Pire-Hole 
Eiverhalf-waytothenextgroiipof springs, (XIV,) thus saving very much 
in the distance by the usual trail. In the forest an occasional spring was 
passed, and the remains of extinct bowls were not uncommon. In some 
places fallen timber is quite abundant, but the greater part of it lies in 
one general direction, so that progress along that course is not seriously 
impeded. Upon the higherlands, however, it isaimost impossible to make 
headway against the obstructions of this nature, which are thickly strewn 
overtUesurfaceininextricableconfusion, aud oneisforced to follow closely 
the scarcely less objectionable course marked out by the low marshy 
border of the Fire-Hole Eiver. Less than two miles above, the stream 
runs through a nan-ow cafion in the volcanic rock, which renders travel 
less difficult for a considerable distance along its borders, and just here 
occurs the prominent collection of springs to which has been given the 
name of Half-Way Group, on account of its position on the trail, about 
equidistant l>etween the two geyser-basius of the Fire-Hole Valley. 

XIV. — HALF-WAY GEOtTP — STEtE-HOLB EIVKE. 

At this point the river is deflected by the wall of igneous rock upon 
the right bank so a* to turn nearly at a right angle to its previous 
course. The trail, extending along the right bank near the stream, 
passes close to a number of interesting springs within a distance of less 
than a mile, scarcely one of which is not deserving of a critical exami- 
nation. Altogether there are not less than fifteen bowls of considerable 
size, with several smaller oritiees and one or two pools in which the 
water is thrown up as in a miniature geyser. Upon the left bank of the 
river, at the lower end of the group, the most important springs are 
located, and their features are so different in many respects from all 
others elsewhere observed that even the most casual observer cannot 
but be impressed with a sense of the wondrous variety of manilestation 
within such narrow limits. The river in turning westward passes partly 
around and beneath the edge of a broad siliceous terrace rising forty 
feet or more above the bed of the stream. On this bench the springs 
are situated, and the outflowing water is carried over the cliff iuto the 
river by the most direct course. 

One of the bowls is a mere pond of hot water, one hnndrtsd and fifty 
feet in diameter, but so deep and clear that the view obtained upon 
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lookiuff down into its water is very fascinating, auiil this eit'ect is very 
much heightened by the play of the sunlight upon the rippling surface, 
The wat«r rises by a series of regular and gentle impulses acting in the 
center, tlius causing a kind of pulsating overflow all around the margin 
of the pool. In this manner the bowl has become slightly raised above 
the snrroundiug surface by the evaporatiou of a portion of the extra- 
verted liquid, and a series of steps, eatih but a few inches in height, has 
been formed outside. These present au appearance very much as if a 
number of immense rings, transversely flattened, with their external 
dimensions decreasing gradually from the bottom upward, had been 
placed one above another about the rim of a large pit. Clouds of vapor 
ascend from the suiface at times, but this does not wrve to lessen the 
beauty and brilliancy of the whole, for even these fumes are quite dis- 
tinctly tinted when viewed in certain favorable lights- Another bowl 
less than twenty-flve feet in diameter is shaped like the interior of a 
hollow frustum of a cone inverted, and another is the feeble remnant 
of a once powerful spring, which now exists only as an orifice at the 
bottom of the aocient pool. 

Cliff Spring. — Near the northern edge of the terrace the most con- 
spicuous spring exists, one which is as unique as it is impressive and 
difficult to describe. At a little distance one sees nothing but a dense 
mass of vapor rising from one of the largest and deepest pits* to be found 
in the Fire -Hole Valley. Approaching with some caution, it is possible 
to pass down into the pit near the outlet, and thence along the southern 
and western edges of the bowl. The present surface of the water is, in 
some places, at least 20 feet below the general surface of the terrace on 
which it is situated. The outline of the pit is very irregular, but we 
shall be quite safe in estimating the average diameter (if such an ex- 
pression may be used) at not less than 200 feet. The water is con- 
stantly most violently agitated, the greatest commotion being observed 
atthe western edge, where it is forced out from beneath the overhang- 
ing rock, which is composed of laminated ancient spring deposits. It 
would require some careful study to determine the exact relations which 
the laminated rock bears to the origin of the existing springs, but the 
later history of the present bowl is quite clearly revealed by a compari- 
son with its recent manifestations. We thus learn that the subterra- 
nean forces have in the past, as now, found an outlet in an easterly 
direction, while the surplus contents of the bowl have been discharged 
toward the west, according to the natural slope of the surrounding sur- 
face. As the water is thus forced up from below it wears the rock 
upon the western side in such a manner as to undermine it, the thin 
lamination of the mass causing this process to take place more rapidly. 
After a time a kind of cavern is thus formed, as may now be seen at 
one point, and Anally the impending portion falls by its own weight, by 
so much carrying we.stward the margin of the pit, the bowl bavjug ac- 
complished its own enlargement while undermining the ledge. Occa- 
sionally, also, large blocks of the ancient deposits have become de- 
tached from the sides by the action of frost and through other means, 
and it is highly probable that such masses have not unirequently been 
instrumental in changing the location or direction of the subaqueous 
operations to some slight extent. A constant stream of hot water 
passes out through a walled channel from the main portion of the bowl, 
but this soon spreads out thinly and runs oft down the slope in many 

'The term pit, as employed in tbis report, diatinguishea tbat portion ul' a spring 
which ia above the sarface of the liquid contents from the bowl proper, whicll ci 
the water or mad. 
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email rills. According to tlie shallowness and sluggisliiiess of the flow 
at dift'erent points, npon which the amount of condensation mainly de- 
pends, deposits of various colors are formed, aftbrding examples of 
almost every conceivable shade from delicate white to the darker tints 
of brown and red. In addition to the mineral deposits, green and 
brown and red accumulations of growing vegetable matter and of col- 
loidal substances are common here as well as elsewhere upon the bench 
to which this spring belongs. 

The specimens collected from the Olift' Spring, as this may be styled, are 
described in the following list: 

1. A portion of the jutting ledge of the pool, bathed by the water as 
it washes the edges in successive waves from the centers of ebullition. 
This is exceedingly delicate and highly colored by the deposition at 
difterent points of the silica, containing various proportions of ferric 
hydrate and other foreign matter. The colors are very largely retained, 
so that the older portions of the ledge, not now exposed to the action of 
the water in its ebb and flow, present irregular alternations of the sev- 
eral shades over a surface of fracture. The process of formation of the 
ledge, and its chief characteristics, remind one strongly of the cor- 
responding portion of the rim of the large bowl on the seventh terrace, 
at Gardiner's River Mammoth Hot Springs. Tbe richness aud softness 
of coloring, and tha delicacy of texture in that section, is, however, 
much inferior to thiit of the Uliff Spring, on account of the preponder- 
ance of silica at the latter point. Much of the sinter here has the glossy 
appearance of real porcelain, being very compactly and evenly deposited. 

2. A soft, dark graydepoeit in shallow water, with a finely wave-marked 
surface, caused by the ripples produced by the agitation in the center of 
the bowl. The temperature of the water in which this is forming is so 
high, that specimens can be procured only with great difficulty, although 
the substance offers no great resistance to blows from a hammer. The 
nia«s tlius obtained is rather tenacious, and it hardens upon long expo- 
sure to the air. 

3. Loose pieces of sinter in shallow water, near the edges of the bowl, 
originally introduced from without, aud now more Oi less coated with 
an incrustation of No. 2, according to the duration of its es[iosnre to 
the action of the hot water. 

4. Portion of tbe wall of a shallow pool through which the water passes 
in escaping from the bowl. This may be regarded as a general combi- 
nation of tbe three preceding, being subject to conditions partaking of 
tbe nature of all of those under which they have beea produced. The 
rf suit is, therefore, a deposit of a mixed color, with a consistency be- 
tween that of a hardened sinter aud the soft No. 2. 

5. Brownish red colloid substance, not uiicointnon about the edges of 
the bowl ; a pulpy jelly with very slight tenacity, becoming extremely 
brittle when dried. It presents no peculiarities other than pertain to 
the numerous masses of a similar character which ;ibound throughout 
the Hot Spring district. 

6. Green confervoid ? vegetation in quiet places near the cooler edge 
of the bowl ; also observed in channels of the ouLlet, Owing, proba- 
bly, to the presence of iron in the water, this growth is abundant in the 
springs of the Half-Way G-ronp, when fiivorable conditions of depth and 
temperature are offered. 

7. More ancient deposit near the base of the wall of the pit, washed 
by the water as it hoils up in the southwestern corner of the bowl. A 
considerable quantity of ferric hydrate, and other matter, is deposited in 
the crevices of the wall at this point. The ancient laminated rock is 
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mainly siliceous, bat it resembles tlie more recent formations in the irreg- 
ularity of its texture and composition. 

8. Pieces from tbe wall witli less trace of recent action tlian in No. 7. 
Tbese do not show mnch cbange from weathering, except in crumbling 
more reiulily than tbe modem deposits. Tbey were not taken from spots 
exposed to much aqueous action. 

9. Sitecimen from tbe old wall, in whicb the red and green deposits are 
quite conspicuous. The green is of uncertain origin, but it may be col- 
lodial, or even some lowlj'- organized form of vegetation, and it is possi- 
bly not an ancient formation. 

10. Portion of tbe snrfiice layers of the wall, showing a very interest- 
ing structure induced by the action of running water and other " weath- 
ering" influences. A description can scarcely convey any idea of this, 
but it may be compared, in general terms, to a series of tbin horizontal 
plates supported and separated by minute pillars closely crowded, the 
distance between the floors being not more than an inch or two. 

The reddish substance, No. 5, is formed in the other springs where the 
water is not too much disturbed, and in one spot upon tbe summit of ths 
bench there is a very large deposit of it, some two incbesin thickness, pos- 
sessing all the properties of like aggregations to be seen in every group 
of importance throughout tbe whole region of springs. The yellowish- 
white silky deposit so common at Gardiner's Eiver is also present here 
in chauueis of tbe outlet through whicb the hot water passes. 

Near another bend in the river, a few rods above this spot, there are 
several bowls upon each bank, one of those upon the right being quite 
large. Tbe deposits from these are not widely diflferent from those just 
described, although they are situated in a rather alluvial section. 

Above this point the trail passes through a continuous succession of 
quaggy marshes and fallen timber for three or four miles, with no signs 
of hot springs until the lower end of the Upper Geyser Basin is reached, 
when travel becomes much less difficult. 

General geological structure 'between the Geyser Basins. 

As before remarked, in passing from tbe Lower Geyser Basin up the 
Fire-Hole Valley to the Half-Way Group, a broad alluvial tract is 
crossed, which is raised so slightly above the bed of tbe stream as to 
be kept continually in a marshy condition by the overflow of its banks. 
The existence of ancient thermal springs over a portion of this area is 
suggested by tbe occurrence of several ponds with basins not unlike the 
howls of large hot springs, but there is nothing in the as]»ect of this 
section which seems to indicate the formation of extensive deposits by 
such agency within a very great length of time. On the other liRml, 
there is every reason to believe that much of the space included between 
the Half- Way Group and tbe Upper Geyser Basin has more recently been 
the scene of very great activity, for the greater part of the valley from 
side to side is flooded with ancient siliceous sinter, not very deeply 
covered by recent humic accumulations. The bed of the river, for nearly 
the whole distance, is also composed of the same material. The Geyser 
Basins and tbe intermediate springs are underlaid by these deposits, 
and it is ap{)arent that the origin of the post-volcanic thermic action 
was in the far remote past. We may also learn that, whatever of change 
has taken place since that period, has resulted rather in diminution of 
intensity than in movements of base. In several places the opposite walls 
of the valley approach each other more nearly than usual, so as to form 
short caiions or passages between somewhat restricted basins. 
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In tlie lower valley there has been mucb erosion, and two prominent 
hillocks, known as the " Twin Battes," have been left as relics of the 
igneous beds which once filled a portion of the present hollow, 

in the walls of the upper part of the valley, particularly upou the 
right bank, the structure can be made out with less of difficulty, but it 
will require long and careful investigation to determine the relations 
existing between this and distant sections. High up in the blufEs, ou the 
north, the trachytes appear dipping away from the river at an angle of 
nearly IS'^. The strata upon the opposite side of the valley, so far as 
could be ascertained by cursory observations, are apparently continu- 
ous with these. [See Fig. 34.) 

The foregoing facta, incomplete as they are, are offered as important 
links ill the cbain of evidence which must some time be gathered from 
a region which certainly holds as much material of interest to the 
student in thermo-dynamics as can be found anywhere within the same 
limits. 




The Hot Springs of the Upper Geyser Basin, and the severid 
ing groups, will be described in the following chapter. 



CHATTEEXII. 



XV. Principal Bowls of Upper Geyser Basic— XVI. Hot Springs on sonthwest arm of 
Yellowstone Lai«, Group No. 1— XVII. Southwest arm of Yullowstone Lake, Group 
Ho. 2 — XVIII. Tlieniial Springs, above Heart Lake, at base of Red Mountains. — 
Conclusiou. 

Near the lower end of the Upper Geyser Basin a prominent branch 
enters the Fire-Hole Eiver Irom a direction east of south. On the 
map of the basin, published by Dr. Hajden in his report for 1871, this 
stream is recorded as Iron Spring Creek, a name which is suflBciently 
appropriate on account of the reddish deposits of iron which occur in 
ita track. A group of hot springs and geysers is situated just below a 
fork in the creek, one mile and a half above its junction with the Pir© 
Hole, but we were unable to visit the locality so as to describe them 
properly. The minor collections of springs remaining to be described 
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ill this sectiou are all located in the Fire-Hole Valley, and the geysers 
and noD-eruptive bowls are so generally miugled together that it is evea 
more difficult to separate the members of the two classes than in the 
Lower G-eyser Basin. 

SV. — nOT SPRINGS OF UPPER G-EYSEB BASIN— FIRE-HOLE KIVEB. 

Ih a visit of such short duration to a basiu coutaiuiiiga large number 
of the most remarkable geysers in the world, it was impossible to fix 
the attention strongly enough upon the qnieBcent thermal springs to ob- 
tain all the information concerning them which is essential to accurate 
description. Enouirh material was, however, gathered from the study 
of these bowls to demonstrate, beyond the shadow of doubt, that they 
are no less important and interesting in their phenomena than those of 
any other section within the limits of our reconnaissance. Some were 
examined with sufficient thoroughness to enable them to be described 
with some degree of fullness, accounts of which will now be given in 
the order of their occurrence, begiuning at the lower part of the basin. 

Clusters a, b. On each bank of the Fire- Hole River, just below the 
mouth of Iron Spring Creek, there is a group of springs of varying 
temperature, among which are a number of targe bowls. 

Those upon the left bank lie but a little above the bed of the river, while 
those of the opposite collection are disposed upon a sloping surt^ee, theup- 
per members being not less than thirty feet higher than the main stream. 
The former collection comprises several minor geysers, with three or four 
mere springs ; the group upon the tight bank including only one bowl with 
sufficient ertii)tive power to be properly considered a geyser, but having 
seven thermal springs of some importance. As a rule the bowls are 
quite regular in outline, approaching the circular form, and the depth 
of the upper portion is very considerable. One of the largest, however, 
at the summit of the hill has formed a bordering rim at some distance 
outside of the edge of the original bowl, so as to wall in a larger portion 
of the water, making, as it were, a shallow pond about the inner cup. 
This fringing pool is mainly upon the drainage-side of the spring, leav- 
ing the main bowl nearer the opposite edge. The temperature of the 
diSerunt springs is not uniform, but the average is high, the boiling- 
point being almost reached in one or two instances. As might be in- 
ferred from their similarity in structure, the features and products of 
the springs in these clusters are not markedly different from those 
described under section SIV. Iron is prominiently present and silica is 
the principal ingredient. The growth of confervoid vegetatioji is abun- 
dant in favorable spots. 

Much vapor is evolved at times from this locality, jjarticwlarly from 
the large bowl at the summit of the terrace upon the right bank, but, 
although a very great difference was observed in the amount of such 
fumes given off at dusk (August 24) and on the following morning, it 
was impossible to ascertain how much of this change was due to atmos- 
pheric conditions. It may, however, be predicated that this bowl at 
least is subject to more or less of periodical variation, for there was 
Buffiuient evidence to that effect in the marks of recent overflow about 
thj edges of the outlets. 

Cluster e. — The next collection of springs is little more than a con- 
tinualion of cluster 6, though it is distinct enough to claim separate con- 
sideration. As here somewhat arbitrarily defined, this group includes 
all the bowls upon both sides of the Fire-Hole River between the mooth 
of Iron Spring Creek and a point half a mile above. Within this area 
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ttere ate seven teeo Lot springs of iiotewortby imyortaiiee, ijesides a uum- 
ber of inferior geysers, wliicb iniglit not inappropriately be clussed in 
the same category. Of thisiiiiiuber, but five are situated upon the left 
bauk of the stream. Among them all there is, perhaps, us iiiiieh of va- 
riety in oiDaiuentatiou anti mode of action as is to be fonud in other 
sections, but their general features and phenomena, as well as their 
prodncts, are strikingly similar to the members of claster a, which are 
apparently influenced by nearly the same cirenmstauces of structure, 
position, and temperature. Indeed, it may be said that the whole de- 
scription given in the preceding itaragraph will apply equally as well to 
the present group, taken as a whole, for if there beany important differ- 
ence, it is rather to be found in the degree of activity than in the nature 
of the springs or the character of their deposits. One point of interest 
common to Si the groups, but more especi^ly noticeable in this cluster, is 
the frequent occurrence in close proximity of two or more howls in which 
the temiwrature of the contents differs greatly. Aa we pass up the valley 
the eruptive effects are more ajiparent, and the main geyser basin is 
reached by a kind of transition from the latentbowlto the roaring spouter. 
In accordance with this, the overflow from the upper members of the clns- 
t«r under review is more excessive than in the collections below, giving 
rise at last to well-deflned streams, which also receive the surijlus from the 
accompanying geysers. The deposits of silica, contaminated with iron 
(as hydrated sesquioxide) and alumina, and a slight amount of magne- 
sie carbonate, are consequently rather more abundant than in the lower 
groups. Owing probably to the easy drainage, which causes the surplus 
water to be rapidly removed, the flnely-ornamented rims and the richly 
variegated deposits which abound in some sections are here less com- 
mon, but their place is supplied by heavy accumulations of equal geolog- 
ical importance, and of no less weighty interest when viewed in the 
light of local history. 

Ab&ve cluster c. — The remaining springs cannot be grouped satisfac- 
torily ; but they will l>e described as nearly as possible in local order, 
omitting such as are unimportant or not specially characteristic of some 
new or interesting feature. At least twenty-flve large, and doubtless 
very significant, bowls must be passed without notice for want of care- 
ful observation, while the uumber of minor orifices and springs thus 
excluded from this account is many times as great. Not a few of these, it 
is certain, are but representatives of one or other of the i)rominent types 
already described; but many were seen which promised much additional 
information if they could have been properly examined. Above the uppeV 
limit of cluster e no noticeable springs occur upon cither bank of the 
river for a space of nearly one-quarter of a mile, when an area of great 
activity is met, thickly dotted with them, besides a number of remark- 
able geysers, including the Fan, Riverside, Giant, and Grotto. 

Pyramid. — From the fiat upon the left bank, at a distance of several hun- 
dred feet from the river, a large, white mound of silic arises to the height of 
twenty-flve feet. More or leas of vapor was almost continually ascend- 
ing from a vent-hole at the summit, with a periodic increase of intensity, 
the intervals of which were not determined. This was at one time 
undoubtedly a very powerful geyser, which has gradually erected an 
enormous pyramidal chimney, the bowl being closed by degrees as the 
internal forces have slowly decreased in power. Even now there are 
unmistakable signs of comparatively modern ejections in the peculiar 
ornamentation about the bowl, which one soon learns to recognize as 
the result of the action of the falling water- Some of these markings 
are quite coarse, clearly indicating to those who have had a little expe- 
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rieuce in the stiidv of geyser plieDomena that the eruptive i)ower was 
sufficient to project the cohiuiii of water to a considerable height. 
There is no evidence of recent great activity, and the monnd may satfely 
be regarded as a mere ttiermal sjiring of nmall size surmounting the 
chimney of an extinct geyaer, which it is steadily closing by the accu- 
malation of its own deposits. Near its base are several flimaroles and 
one fair-sized boiling or spouting spring, which possesses, on a small 
scale, all the essential characteristics of some of the simpler geysers. 
The ornamentation of the fnmeroles is here of the plainest kind, and 
there is nothing especially novel or attractive iu any of their features, 
so far as I was able to observe. Back of the pyramid, at twice its dis- 
tance from the river, much vapor was seen ascending from the vicinity 
of a series of highly-ornamented springs, with brilliaQt deimsits and 
unique walls, ^veral of these were figured by Dr. Hayden in his 
report for 1R71, and they are merely mentioued now to show that they 
■were qnite active at the date of our visit to this region. No careful 
examination could be made on account of the sudden eruption of neigh- 
boring geysers, which diverted the attention from them. On this 
account it will be impossible to describe in detail the nnmerons other 
springs in the basin, of which only the positions were noted. 

To sum up briefly, then, the results of observations upon tlie hot 
springs of this section, it may be remarked that while the diversity iu 
special features, such as size, form, and position of the bowls, the style 
and degree of ornamentation, and the temperature of the contents, is 
acar«^ely less than may be observed elsewhere, the general nature of 
the deposits and the phenomena of eruption are much the same in all 
eases. With bat a few exceptions, the springs are grouped about 
active or extinct geysers, and it is not uncertain that a large propor- 
tion of those here mentioned have themselves been geysers in the past, 
while others may yet be proven to be geysers which have never been 
seen iu action heretofore. It should be remarked that sulpliur occurs 
as an ingredient in some bowls, though rarely aud iu small quantity. 
Concerning the geological structure of the basin, little need be said in 
addition to what has already been given in chapter XI, except that 
there is reason to believe that the basaltic layers of the igneous material 
are more nearly in the line of the subterranean channels than the 
purely trachytic rocks. 

Before proceeding to the next main division of this chapter, a .sinall 
group of thermal springs above the Upper Geyser Basin, in tlie same 
valley, requires a passing notice. There are only five bowls, and none 
of these are remarkably large, but they are interesting from rlie bril- 
liancy of their deposits, and the shape of some of the mounds from 
which the water emerges. Although the water was spurted in one of 
the bowls to a height of two or three feet, the degree of activity in the 
cluster was ajiparently less than in the majority of the springs of tlie 
Upper Geyaer Basin. The " Third Geyser Basin of Fire-Hole Kiver," a 
small area mentioned by Dr. Peale and Professor Bradley, was not seen 
by our party. 

SVI. — FIRST GROUP ON SOUTHTVEST AEM OP YELLOWSTONE LAKE. 

Three miles beyond Camp 47, Captaiu Jones's trail strikes tlie lake- 
shore near a group of active springs covering a large area along the 
bank. Like most of the collections within the limits of the ancient lake 
basin, this cluster contains a number of bowls which emerge directly 
from the silty deposits, the contents of which are, therefore, more or less 
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contEbininated by the admixture of insoluble iugredienta. Ifeai' the 
lower end of tUe group a small muddy flat ruus back from tho shore 
■which appears to have beeu the bed of an ancient stream, if not the 
channel of a recent creek during seasons of flood. On this are situated 
several mud-bowls and a number of orifices of smaller dimensions, in 
which the agitation is not powerful enough to render the contents tur- 
bid. Nearer the shore there are several large, clear, or nearly clear 
springs which constantly overflow, sending their surplus into the lake. 
The little stream which carries off the waste is so biglily heated that one 
cannot bathe with comfort in its track except by wadiug tbr some little 
distance into the lake before venturing opposite its entrance. Several 
mud-pots occur at a higher teveljustnorthof the flat on which the above 
are located. South of this point, at a still higher level, tliere are what 
may be called three clusters of springs, although they are not widely 
separated. The first collection comprises a set of half a dozen bowls 
of varying dimensions which emerge Irom the summit of a kiud of ter- 
race of old hot-spring deposits fifteen feet above the level of the lake at 
low water. In several of these the vapor issues with cousiderable tbrce, 
but with a seethiug rather than a puffing sound. 

One spring has a large bowl about four teet in diameter. Back of 
these the members of the second cluster issue from a silty area, for 
which reason the contents are mostly turbid or muddy. The third 
gronp is farther from the lake and more elevated than the others, and 
may be said to combine, in a measure, the features of them all. The 
products are as various as the varying character of the springs would 
suggest. The mud-pots deposit about the usual proportion of ferric 
hydrate in addition to. the other ingredients, and theamount of iron dis- 
solved iu the water of the clearer springs is apparently large, judging 
from the amount of colloid and confervoid growth which exists wlierever 
favorable conditions are present for such accumulations. The ornameu- 
tatiou of the margius of the clearer botvis is comparatively simple, and 
raised rims are almost entirely absent. Hydrated alumina is a promi- 
nent ingredient, and in some of the ancient deposits it is blended and in- 
termingled with the siliceous accumulations in a very interesting manner. 
In the past, as now, there has evidently been a close connection between 
this gi-oup of springs and the Yellowstone Lake, tor all the bowls are 
situated in a section which has been worked over by the beating of the 
waves upon a beach, and the ancient deposits have been greatly modi- 
fied since their formation by the same action. 

There are certain peculiarities of geological structure iu this region 
which should be understood in order to fully appreciate the prominent 
points of difference between this group and those upon the west of the 
divide between the Yellowstone Lake and the Fire Hole River. 

In passing eastward from the geyser basins high ridges of basaltic 
rocks are crossed, until, when neariug the lake, important outcrops of 
dark-brown and black obsidian are reached. This latter material is 
highly porphyritie, and not unfrequently spherulitic, or even approaching 
to what is known as blistered obsidian. 

The heavy accumulations of detritus and vegetable mold obscnre the 
structure within a mite of the lake shore, but the character of the an- 
cient spring-deposits is such as to indicate tliat the obsidian porphyry 
predominates over a wide area. The section represented in Fig. 35 
was taken on tlie lake shore south of the muddy fiat before meutioued. 
The lower portion, marked a iu the cut, is made up of irregular alter- 
nations of conglomerates and otlier beachy formations, largely eom- 
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posed of andeut hot-spriug deposits. Tlio following list of the forma- 
tions exposed in the section includes the more important and peculiar 
of these re-arrauged layers : 

1. Heavy conglomerate, composed of siliceons pehbles of hot-spring 
material, firmly cemented, with smaller particles of obsidian distributed 
through the mass, occurring near the bottom of the section. This seems 
to have been formed by the cementation of the particles of a beach-de- 
posit by the action of hot springs containing silica in solution in their 
water. Some of the sintery pebbles are coated with a glistening layer of 
silica, and the obsidian particles, though small, are often brilliant. The 

feneral color of the mass is gray, with a reddish tinge, and it we^ithers 
ark. 



HOT SfR N&S 





F G t, -—S .c on e posed n a ol fFalOD)[ tbe sbo e of le luw one Lake south nest 
ftrni. Hot bpriD^ Group No. 1. a, seinral kiudsof uiotlilied spring deposits, mixed witb 
obsidian fragments; 10 feet. }>, gravelly beach-deposit of bot-spriiig material aod 
obsidian; 1 foot, c, ahiinina spring deposits; 3 feet, d, vegetable mold covered with 
timber. The horiKoutal scale of this section is approximately one-tentlj of the vertical 

2. Sandy conglomerate near the base, composed of compacted grains 
of white and gray sand, interspersed with black obsidian sand, and 
larger particles, aud occasional nodular pieces of water-worn spring de- 
posits, appearing as white blotches through the mass. Weathers darker 
gray than the original color. 

3. A bed of light-colored trachyte eoutaining a quantity of irregularly 
disseminated granules of an undetennined black iniueral, the general 
texture being compact, aud the specific gravity high ; approaches the 
angitic series of volcanic rocks, and might be called a trackydol^rite. At 
base of the section. 

4. Ancient hot-spring deposits, inclosing small stems and roots of 
grasses and other light vegetation. 

5. Conglomerated hot-spring deposits, and pebbles of various kinds. 
This is rather an agglomerate, the arrangement of the component parts 
being quite irregular throughout the mass. 

6. Ancient hot-spring deposits shown at c. Fig. 35, modified by per- 
colating water. The bulls of the material is a white mineral tinged with 
gray, very largely composed of alumina, and possessing properties which 
ally it closely to the species known as gibbstle. Much of it is arranged 
in layers of several inches in thickness, bound together by alternating 
layers of siliceous sinter. The main portion is very friable, except in 
nuexposed spots, or where the proportion of combined silica is rather 
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large. The action of the water aud weathering influences has induced 
au irregnlar cellular structure, which gi\-es a delicate and attractive 
appearance to much of it. 

The setting-iu of a small bay at this point exposes portions of two 
sides of the terrace to the action of the waves. Large blocks of the 
ancient deposits have been broken off from the cliff and now lie at the 
water's edge, to be comminuted for the formation of new lacustrine de- 
posits. This is but the continnation of a process which has long been 
in operation, and the present bowls are undoubtedly the relics of once 
powerful thermal springs in this vicinity. Several caverns were ob- 
served in the cliffs beyond the present reach of the water, although it 
is not certain that the waves may not affect them in seasons of high 
water. It seems probable, however, that they represent chambers in 
the subterranean passages of long extinct springs, which, like similar 
expansions at Steamboat Point, and elsewhere, have become exposed 
by the wearing away of the clift's. 



Camp 48 was made August 2S, near the southwestern extremity of 
Yellowstone Lake, iu a grassy park, which has become a favorite rest- 
ing place tor travelers iu this section on account of its admirable loca- 
tion at one of the best [wints for viewing the lake fl»m its shore. The 
large nnml>er of thermal springs iu the vicinity, and on the trail between 
this and the foregoing group, may lack interest to the tourist fresh from 
the more exciting geysers, but to the student of nature many new and 
striking facts are here presented of great importance in the solutiou of 
intricate problems, while much material may also be gathered which 
will serve to confirm the results obtained in other localities. Properly 
speaking, there is no very distinct line of demarkation, structural or 
geographical, between the collection now to be described and the cluster 
immediately preceding, for there are many scattered bowls within the 
intervening space, each of which may, however, be taken as a represen- 
tative of one or other of the two tj-pes. 

The springs in the immediate vicinity of Hot Spring Camp, nearly 
fifty in number, are of two kinds, mud-caldrons, and clear fumeroles. 

Those which lie directly upon the shore of the lake are of large .size, 
with deep bowls of limpid water, besides which several emerge from the 
bottom of the lake itself, their positions being indicated by the rising 
of bubbles at different points. One of these has built up an inclosing 
wall, which separates it from the water of the lake which surrounds it, 
and it has become a rather common practice on the jiart ot visitors to 
catch the trout from the cool waters and cook them in this spring, with- 
out detaching them from the hook, or moving from the spot at which 
they are caught. This bowl, with two or three others adjacent, which 
may all be the separate outlets of one large subterranean chamber not 
far below, are provided with walls of a hai5 siliceous deposit resembling 
the sinter of the geyser basins of Fire Hole Eiver, but darker and less 
homogeneous as well as coarser in general texture. There is also a lack 
of the delicate ornamentation so common iu other sections of the Park. 
There is, however, the same azure line to the water when viewed perpen- 
dicularly to its surface. Two of the bowls api>ear to be separated only 
by a kind of bridge, scarcely three feet in width, but of sufficient thick- 
ness to support the weight of as many meu as can conveniently stand 
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Upon it. The water is not excessively agitated, ueitliei? is it very quiet, 
but it throbs rather regularly, with uo great display of force. 

The remaiuiug spriugs to be noticed are situated ou the main terrace 
or flat ou which Oam)> 48 was located, more than twenty feet above the 
level of the lake. This bench is formed of aucieut lacustrine deposits, 
with relation to which the springs occupy much the same position that the 
bowls of the preceding paragraph hold with respect to the lake forma- 
tions now in progress. In other words, it would seem that the upper 
collection was at one time so near an ancient level of the lake that 
several of the bowls emerged from beneath its watera as some of the 
lower bowls do at the present time. 

This idea is illustrated in the accompanying section, [Fig. 3{i,) iu which 




Fig. 36. — PoaitioDs of hot springs with respect to aiicient anil presejit liike-levels. 
a a, present level of Yellowstone Lake. 6 b, ancient level at a -riven period, ceec, 
eurfaoe-oontonr of ancient and recent lacusttioe and hot-spring deposits, xxxx, 
positions of esisting springs. Note. — For the sake of illustration, the clusters of springs 
at a and i ate repreiieDt«d uu a line perpendioular to t.be shore of the lake. In reality , 
cluster h is thirty rods or more farther north, i. e., down the lake. 

tlie upper line, h h, may be t<aken to represent a former level of the lake 
at a period when the low terrace back of the upper cluster of springs 
formed a portion of the bank. This collection lies in a Itiud of hollow, 
showing that its area was included within the limits of a small shallow 
bay which here set in at that time. In foct, there is a striking resem- 
blance between the ancient condition of this cluster and the present 
aspect of the small collection upon the lower mud-flat iu group XVI, 
the only important differencebeingin the height of the adjacent beiichj 
which in the latter case is nearly fifteen feet, while here it is less than 
Ave feet. The comparison may also be extended to the character of the 
bowls in tie two districts, but beyond this the parallelism fails, for the 
springs near Hot Spring Camp are in every respect more vigorous and 
Important than those described in the preceding section. 

Jt win be unnecessary to describe in detail all the clear bowls of this 
vicinity, of which there are several possessing characteristics which 
are common elsewhere, but there is one large spring which, if not 
unique, is sufBciently interesting to deserve special mention in this 
place. This has a diameter of nearly fifty feet at the surface, tapering 
gradually dowuward to a depth scarcely less, forming a fnnnel-shaped 
bowl, a form which is not unusual in this region. At the date of onr 
visit (August 28) the cavity was not entirely filled by the water, but 
the snrface of the water was bounded by a narrow sloping shore, a few 
feet' in width. Passing down this to the water's edge, I was about to 
break a piece of sinter from the wall, when I was forced to retrace my 
steps rapidly in order to e8cai)e from the lieated liquid which was sud- 
denly raised in a mass by a steady impulse from below, passing over 
the shore like a single wave upon a lake-beach. The impelling force ex- 
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hausted, the water theu returned iu the same steady manner to about the 
«aDie level as at lirst, ami the iirocess of ebb and flow was again and 
again repeated at sbghtiuterviilswitli much regularity. This alternate 
rising and falling of the contents with an even, throbbing motiou, lias 
suggested a comparison with the beating of the pnlse iu animals, and 
the bowls iu which this action occui-s have been not Inaptly termed 
*' pulsating springs" on this account. It seems to be partly owing to 
this continual oscillation of level, that richly-colored deposits accumu- 
late in many spots between what we may call "high and low water 
marks." As in the bowls upon the shore of the lake, the solution is 
highly siliceous, but a certain amount of alumina is present, and ferric 
hydrate is precipitated to some extent. Confervoidea and colloid mat- 
tel- do not meet with all the necessary conditions for rapid accumula- 
tions iu such a place, but they are not wanting in the more qniet bowls. 
Mud-puffs. — As before renjarked, the gi'eat bulk of the tbrmations at 
this locality is made up of lacustrine deposits, and these are very 
largely composed of the finer or silty layers, although a fair proportion 
of gravel is also intermingled in some parts. Fine sections are exposed 
along the bank of the lake above and below our camp for several miles. 
The addition and more or less complete admixture of the hot-spring 
deposits has given a decided siliceous cEist to much of the area, which 
would otherwise show a preponderance of the lighter alumina. Upon 
the outer edges of the upper collection of springs, and particularly upon 
the western side, the subterranean waters have bui'st through the less 
ootflpacl rQateria\, iasmug from the flat as mud-pots or mud-caldrons, 
«ontainiug pasty masses of somewhat varying consistency. In some of 
these the contents are thin and but slightly coherent, so that the boiling 
is continnoue and not very irregular, while iu others the mad is glutinous 
or even sufflcieuUy dense to form chimneys about the ebullient centers. 
Although there is, then, great variation in the tenacity of the plasma 
within a very limited area, it is owing almost wholly to the varying 
supply of water, and not, as might be supposed, to any marked diflfer- 
eiice in the composition of the mud Itself iu the difterent bowls. The 
agitated material is minutely divided and most thoroughly mixed by 
the constant stirring which it undergoes in the struggling of the sub- 
terranean heat to escape through its mass. Some of the most interest- 
ing eftects are produced in the more viscous bowls, in which the con- 
tents retain permanently thecoues which are always at least temporarily 
formed by the pressure from below whenever the tension is overcome. 
Thus there are exbibited several grades between the simmering spring 
and the mud-pufif of plastic clay. Several of the latter have one or more 
conical chimneys of diflt;reut dimensions, the largest being not less 
than two feet iu height, witL a circumference at the base of fully tour 
or five feet. From the apex of these, or occasionally at one side of the 
center, the mud is irregularly spurted, often to a height of several faet 
above the summit of the cone, and it then fails ba«k upon the outside, 
serving to increase the size of the cone. The eruptions are accompanied 
by a peculiar hollow sound, wbicli can be heard for some distance. When 
moist, the drying mud is usually of a bright pink color from the pres- 
ence of ferric hydrate, but excessive evaporation soon precipitates the 
lighter-bued ingredients, in which silica and alumina predominate. It 
is interesting to note that here, as elsewhere in the Park region, the 
boiling surface of the mud-bowls is almost invariably from one to five 
or more feet below the general surtace surrounding, although the larger 
mud-puffs are often raised above the level of the edges of the pits. This 
fact, it strikes me, is very important as an aid in determining the source 
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of the water-supply of any giveu group of spriugs, aud, indirectly, the 
possible position of the heating agencies. 

Ko data were obtained for determining the periods of eruption of any 
of the springs of this or the preceding gronp, but some slight indica- 
tions of more or leas nniform variations of intensity were apparent iu 
the adjacent markings, though it wonld be unwise to draw definite con- 
clusions on this point without more conrincing evidencej to be obtained 
only by eoutiiiued observation. 

The next group of hot springs, the only one now remaining to be de- 
scribed, was visited by a small detached party, which left Camp 48 in 
advance of the train, for the purpose of making the ascent of Mount 
Sheriditn. A brief account of the trip is giveu in the narrative in chap- 
ter I of this report, (Sj>efial trip No. X.) 



One of tlie finest points for obtaining a comprehensive view of the 
country south of Yellowstone Lake is to be found at the summit of the 
highest peak of the Eed Mountains, a limited range of undulating hills 
which trend nearly north-south between two of the main sources of the 
Snake River. The highest peak of this wavy ridge has been known as 
Mount Sheridan since the date of Oaptain Barlow's expedition, that 
gentleman having been the first to ascend it and propose a name. 
Heart Lake lies in a deep depression at the eastern base of the range, 
three thousand feet below the summit, receiving its water-supply very 
largely from the snow-fed streams, which pour their contents down 
through deep-cut canons among the lower hills. Our little party was 
camped in a sheltered spot near the brink of a high fall on one of 
these creeks, at the northern end of the range, several huudred leet 
above the lake, which was not in sight from that point. We passed a 
number of interesting springs along the banks of the stream, but the 
largest aud most powerful members of the group were only seen at a 
distance. This collection has never been carefully examined, and it is 
probable that many new facts of value will yet be gathered here, if one 
may judge lirom the peculiarities of the two following bowls, which re- 
ceived some special attention. 

Puffing Spring. — The first to be described la situated on a kind of 
platform, upon the right bank of the stream, below the main fall, but 
near the side of a rambling cascade. The orifice is not large, and the 
vapor, which is constantly emitted, issues from the solid rock, in a man- 
ner closely resembling the pufSng effusions at the Steamboat Spring, 
described in chapter IX, section II. The expanded chamber, which 
probably exists at no great distance beneath, is not visible from the 
surface. The resonance of the escaping vapor is increased, with the 
production of a slight echoing sound, by the wall of the gorge, which 
partially incloses the spot, somewhat after the manner of an amphithe- 
ater. The result is a noise not unlike that of a hydraulic-ram in action. 
The products are largely siliceous, with a fair propoition of iron and 
some sulphur. Alumina is abundant iu several larger bowls lying on 
an alluvial flat at a lower leveL 

Sand Spring. — Just above the fails, nearly opposite our camp, tUfire 
is a depression In the bank of the cre^k, but a little above the present 
level of the stream, near its edge, though it rises gradually beyond. 
This seems to have been, at a time long since past, an area covered by 
hot springs, The greater portion is now covered with a thick matting 
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of tnrf, which supports a rauk growth of tufted grass. Uasuspiclous of 
the treacherous uaCure of the subsoil, of whiuh uo iudicatlous are visi- 
ble, I iucautlonsly sprang across the creek upou the flat, wheu I iuiiue- 
diately snuk nearly to the middle iu a hot quagmire, from whleli it was 
difficult to extricate myself. The only result of this involuntary bath 
was a thorough soaking of apparel, including heav'y under-garineuts, no 
mud adhering to the clothing. This miry patch lies iu the track of a 
small outlet from an interesting boiling spring above, the contents of 
which seem to be very largely retained beneath the toughened sod, which 
is thereby provided with au abundance of heat as well as moisture for 
the support of its vegetation. A very small portion of tho water is seen- 
to escape into the creek. The spring referred to lies at the ujjper end 
of the depression, which is here so uarrowed that its walls almost inclose 
the spring on three sides. There are several centers of ebullition near 
the edges, the very hot water boiliug up with force, greatly contamina- 
ted with white sand, with minute blauk grains interspersed. 

Bnt a comparatively small quantity of water overflows the bowl, and 
this passes off iu a sluggish stream, which is soon lost in the quaggy 
area, after serving for a time as a support for a brownish, scummy, col- 
loid substance, very similar to masses of the same material elsewhere 
described. Silica is the principal deposit, alumina being present only 
In small quantity. Some vapor escapes from the surface, but it is not 
a marked feature of the locality. The ornamentation of the edges of the 
bowl in places washed by the water is not elaborate, nor is it, either, 
commonplace ; but the decoration is frequently retarded by the mixture 
of the suspended sand with the precipitates arising from the condensa- 
tion of the solution. 

Rinsing Spring. — Just after reaching the basin in which these springs 
are located, a large spring at some distance dowTi the creek suddenly 
ejected a dense mass of white vapor to a height of perhaps twenty-five 
feet, with a rushing noise which startled us all. This may have been a 
veritable geyser, but we were unable to detect any signs of a column of 
water from our point of view below the PufBag Spring, one hundred 
rods distant. The eruption lasted for abont five minutes, the action 
ceasing rather gradually. Time, near 3 p. m., August 29. 

The mass of the Bed Mountain rauge at this point, iucludtng Mount 
Sheridan, is ma^le up of trachyte and trachyte-porphyry, the latter pre- 
dominating. The greater portion is finely breceiated, and very much 
of the exposed part is red from the oxidation of iron, which is a promi- 
nent ingredient. This color prevails when the mountains are viewed 
from a distance, but a closer inspection reveals the tiict that many por- 
tions weather white, while not a little of the material presents a 
dark steel-blue metallic luster. The red and dark varieties are espe- 
cially cbaracteristic of the higher peaks ; the white portion, which is 
lighter and softer, and thus more easily eroded, being almost wholly 
confined to the lower eminences. The small fragments of au irregularly- 
prismatic form, into which the rock readily separates on exposure, lie 
strewn in immense quantities as a talus over tiie steep slopes, often 
completely covering the fonnations beneath, obscuring their structure 
while it serves to maintain the raountaiu physiognomy by preventing 
excessive erosion. This latter effect is, however, often carried to an 
extreme, resulting in the pmdnction of new and softening features by 
the enormous accumulation of this material upon the declivities. 

So far as observed, the majority of the springs of the present group 
emerge from alluvial or silty areas, although there is little doubt that 
all pass through the underlying rock -for mations iu their course. Many 
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other bowls were observed than those described, some of wliich were of 
gowl size and quite clear, others turbid but not pasty, and a few veri- 
table sinimeriug solfataras, besides a large number which were only- 
seen iu the distance while climbing the peak which directly overlooks 
them, 

CONCLUDINa KEMABKS. 

It is believed that the four chapters which have been occupied with 
the description of the hot springs visited by the writer will be found as 
full and eomi)lete as is necessary or possible in a work of this nature, 
and that while a very large number of the springs hitherto described 
from this section have not been here included, a sufficient number of 
new facts have been adduced to render the generalizations to be pro- 
pounded in another chapter lucid and intelligible. If it be thought that 
the Ave hundred bowls or more, which have furnished the material for 
the foregoing descriptions, are not enough to afford ground for the con- 
clusions there offered, it must be remembered that the groups examined 
are widely scattered and of remarkable variety, while but few collections 
now known have been omitted, and these, with one or two exceptions 
only, such as possess but a minor degree of interest and few importaub 
features of unique character. It should also be borne in mind that al- 
most an eqnal number of localities were visited by our party, which 
have not heretofore been described with any degree of accuracy. 

In order to discuss with freedom the nature and action of what may 
be termed minor volcanic phenomena,i. e., the phenomenaof post-volcanic 
activity, it will be necessary to include in the same category all the 
hot springs and geysers, for it will be impossible to divide them into 
well-marked classes based upon any ground of distinction known at 
present. The following chapter is therefore devoted to the description 
of such bowls as may be roughly but conveniently separated for that 
purpose under the head of Geysers. Before proceeding to that subject, 
it may be well to call attention to the existence of large tracts of ancient 
hot spring deposits in many places where there are no signs of present 
or very recent activity. It is not possible to find words which shall ade- 
quately depict theimpressionleftupon the mind of the attentive traveler 
in this region concerning the enormous amount of vigor which has been 
displayed iu the past by innumerable bowls in almost every part of the 
district. One is amazed at the remarkable persistency of the heat to the 
present late epoch, but the imagination is taxed to its utmost capacity 
to conceive of the magnitude of the manifestations which must have 
taken place at a remote period, though within recent geological eras. 
No special description of the ancient accumulations is necessary, for, 
although there is a variety almost marvelous in their texture and com- 
position, there are few facts connected with them which are not exemp- 
lified iu one or more of the groups of existing springs. 



CHAPTER XIII. 



DistributioD and general re marlc 9 — A. Group o 
eers of Lower Basin, Fire-Hole River — C. ( 
— Gene rati zations. 

The term geyser, as employed in this chapter, relates to such bowls as 
are more or less eruptive in character, in which the water is periodically 
H, Ex. 285 16 
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ejected with force. This classification is iu many respects arbitrary and 
unsatisfectory, for the reason that it often compels a separation of springs 
■which canDOt positively be said to differ except in power. The mnjority 
of the bowls included under this head will, however, be found to possess 
certain peculiarities which point to some important modiflcattous in the 
relations of the supplies of lieat and water, rendering them in a meas- 
ure distinct from the most active of the hot springs previously de- 
scribed.* 

A few of the springs mentioned in chapters IX -XII might, perhaps, 
as well have been considered in this place, but their position in the re- 
port has generally been determined as a matter of convenience ia dis- 
cussing them. 

DISTRIBUTION OF GEYSERS. 

Of the eighteen gronps of hot springs reviewed in the four preced 
ing chapters, the first three do not possess a single bowl which approaches 
the typical geyser. Some of tlie mud-volcanoes of the fourth group are 
eruptive in character, but the ejection of the mud is rather the result of 
the restraining and concentrating influence brought to bear upon the 
projecting force by the tenacity of the material. No geysers are includ- 
ed in the fifth group, nor in the seventh, ninth, eleveuth, sixteenth, or 
seventeenth gronps. The sixth or Wayside Group, on Orange Oreek, 
in the Yellowstoue Valley, contains two or throe jets which might not 
inaptly be termed pseudo geysers, but their phenomena are essentially 
dift'erent from those of a true spouting geyser. The same may also be 
said of the jets at Gardiner's River, already described, (chapter X,} as 
well as those already mentioned in connection with groups XIU, X(V, 
and XV. The silica jets of group X are really minor geysers, which 
would have been as appropriately described in this chapter as in chap- 
ter xr. Thus it will be seen that the bowls which have been reserved 
for the present chapter belong to three of the hot-spring localities before 
marked out, all of which are connected and not widely separated. It 
should, however, be noted that several small geysers are supposed to 
exist in the imperfectly-knowu basin of group XVIII, and another im- 
portant collection was discovered by a portion of Dr. Haydeu's com- 
mand iu 1872, on the shores of the lake at the source of the Snake River, 
now known as Shoshone Lalje. It is not unreasonable to suppose that 
other similar groups will be brought to lightby future explorations about 
the headwaters of the larger rivers. 

The most prominent geysers have received settled names, which have 
become as familiar as the bowls themselves to travelers in this region. 
These titles are employed to designate them here whenever it has been 
possible to determine their application. In some instances new names 
have been proposed, but not with a view to their perpetuation unless 
they are hereafter found to be original. 

A. — EAST PORK (MADISON RIVER) GROUP. 

Besides the small jets alluded to in section XII, chapter XI, a few 
howls were noticed iu which the stalagmitic appearance caused by the 
falling of the water upon the surrounding surface gave evidence of the 
existence of real geyser action, although no eruptions were witnessed. 

" Tlje poiuta of ditferauce between the hot spring aad the typieal geyaer cau ouly be 
apprecialedafteracarefalreviewof theyroaiiueut characteristioBof ea«ii. A defiuUion 
ut' the tettu geyier is giveu near the close of thia chapter, where this differeDce h also 
clearly stated. 
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This growth, as it may jastly be called, is the one distingnishing feature 
of the active geyser, by which its character may be deteriuined even iu 
its quiesceut state. As the formation of this peculiar surface is de- 
pendent upon the complete evaporation of the water, it is not absolutely 
uecessary that it should be produced in order to entitle a spouting bowl 
to the name of geyser, for a large column of water may be shot high 
into the air from tlie center of a large pool in such a manner as to return 
wholly within the rim. In such cases no fungoid tracery will be formed 
without the bowl, and no evidence of eruption will be found after the 
ejection has ceased, except in the marks left by the overflow, which, of 
themselves, are not sufBcieut to determine the character of the bowl. 
Judging from the comparative fineness of the excrescences about the 
spouting springs of this group, it may be inferred that the height of the 
projected column is never very great, but this criterion cannot he fully 
relied on in all cases, because the coarseness of the ornamentation is as 
much dependent upon the amount of the falling water as upon the height 
from which it falls. In other words, the falling of a large column of 
water in a mass may produce the same effect as a smaller body drop- 
ping from a considerable elevation. 

Another result of geyser action is the building up of a chimney about 
the bowl, usually becoming somewhat narrowed as it ascends, so as to 
approach mere or less closely to a conical shape. In this locality the 
raised rims are not high, aud the bevel is rathej; slight. The composi- 
tion of the products is the same as that of the surrounding less turbu- 
lent springs, silica predominating, but there is less chance for the 
precipitation of the iron as ferric oxide, and the red deposits are, there- 
fore, less abundant. The main featnres of the craters are of essentially 
the same nature as those described beyond and need not be enumerated 
here, but we will proceed ilirectly to the next group. 

B. — GEYSEES OF THE LOWER PIRE-HOLE BASIN. 

Upon the ridge containing the mnd-caldrou and other springs, between 
the entrance to the Lower Geyser Basin and our special camp near the 
White Home, there are several interesting geysers, some of which were 
fortunately observed in action. For convenience of reference these, 
with all the others to be described in this report, are numbered consecu- 
tively. Names marked thus ■ are taken from the reports of Dr. Hayden 
and corps; those preceded by a f from other authorities, as Boane, 
Barlow, &c. ; the § being nsed to designate such as are supposed to be 
named by the writer for the first time. The descriptions are all given 
from personal observat on, any additional information used being in- 
variably properly accredited. 

1. § Spamn Qeyser. — After reaching the summit of the terrace of 
sinter, which forms a part of the lower edge of the ridge mentioned 
abo\'e, several quiet bowls were passed before reaching one near the 
western edge of the bench, which was litt'ally spurting a small column 
of hot water two or three feet into the air. This was at 3.20 p. m., 
(August 23,) and the same action continued with no apparent diminu- 
tion until 5.30 p. m., when it ceased altogether rather suddenly. It is 
impossible to state the length of time it had been playing, before we 
first observed it, but it will be interesting to note its sympathetical 
relations to some a^yaeent bowls, as remarked beyond. The fungoid 
markings, so common about many of the larger geysers, are here repre- 
sented by similar excrescences of a rich and delicate structure. The mass 
of the siutery deposit is composed of an exceedingly fine-grained white 
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silica, the outer and fresher portions being of a shiny yellowish color 
when collected, with a surface covered with roughened prominences lilie 
an aggregation of minute coral branches. These are sometimes formed 
as little islands, in small shallow pools surrounding the geyser-bowl, 
and they appear to have been caused by the interference of opposing 
waves produced by the falling water, though this is not definitely 




Fig. 37. — Relative positions of geysers on Fonntaio Terrace, Lower Fire-Holo Basin. 
The tiKures refer to bowls thus numbered in the text. Tbe dotted, linea rupresent 
the geueral course of tbe outflow from eacb liowl, 

ascertained. Pieces of rope and cloth left here by previous visitors 
were picked out of the water in a half-rotten condition, which became 
tough and spangled with crystalline grains of silica apou exposure to 
the air until dried, 8ome pieces of the rope, which were of a brownish- 
yellow color at the end lyingout of the water, were bleached to a most 
delicate white. Pine cones and chips of wood were also well silicihed 
by immersion. The size of this bowl is not great, consequently the 
larger portion of the ejected water is thrown beyond the edges and falls 
withont the bowl, mostly upon the lower side. In favorable spots, the 
characteristic red deposits are precii>itated in the track of the outlet. 

2. § Impulsive Qeyser. — While watching the pulsations of the Spasm, 
a second geyser (2, Pig. 37) suddenly began to spurt, at 3.30 p. m. At 
first it sputtered sullenly, and the water was thrown upward but a lit- 
tle distance, but gradually the action became more rapid and violent, a 
small jet occasionally rising with considerable force to a height of fliteeu 
feet. The contents of the bowl were thoroughly agitated, but the great- 
est activity occurred in the center, the jet being thrown, as it were, 
through the middle of the main mass ejected, which may be likened to 
a fountain.. The falling spray produces remarkable forms of relief, with 
a glistening sarface, rendered only more attractive by slight discoloration, 
which gives it the appearance of the richest ivory. It would be impos- 
sible, by the most artistic description, to convey an adequate idea of the 
marvelous richness and beauty of this formation as viewed in the light 
of the unclouded sun, and we are forced to resort to comparisons, which, 
at best, are very unsatisfactory. If one cau imagine the effect of a 
million of glittering pearls, large and small, arranged without order over 
ail uneven surface, crowded and jumbled together iu irregular masses, 
the very confusion of which lends an added charm, he may be able to 
form some faint idea of the surpassing grandeur of nature's workman- 
ship iu this lonely spot. 

As represented in Fig. 37, a large part of the overflow from the Impul- 
sive Geyser passes into the bowl of the Spasm, which lies at a little lower 
level. The differences observed in the mechanical deposits, as we may 
call the peculiar protuberances resulting from the falling of the water, 
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are maiuly structural, bab the texture, upon which their structure partly 
depends, is also more or less distinct. Instead of the compacted powder 
which is emiuentlj characteristic of much of the product from the Spasm, 
we have here prevailiug an impure porcelain texture. The resulting 
forms of relief may be considered respectively, as illustrations of the 
coralline and the mammillary types of structure. 

The eruption of tbe Impulsive Geyser continued until 5.30 p. ni., hav- 
ing been in operation for two hours. The cessation of tiie boiling 
was very nearly simultaneous with the close of the eruption In the 
Spasm. 

3. § Clepsydra Geyser. — The third member of the group is one of the 
most regular in the basin, and on thia account the name Olepsydra is 
proposed for it. Like the ancient water-clock of that name, it marks the 
passage of time by the discharge of water. It would be unwise to num- 
ber this among theconstant geysers without knowing more coneeming its 
movements than has yet been gathered, but it was in action dating the 
whole of tbe two hours and a half that we were in its vicinity. A large 
mass of water is forced up in a rolliug wave, ending in a vigorous but 
not greatly elevated spurt, atintervalaoflhre^ minutes. The mechanical 
deposit surrounding this geyser is even more delicate than either of tbe 
forms above mentioned. It is of the coralline type and may be described 
in termsof coral-masses, so far as mere general resemblance is concerned, 
as a close aggregation of raadreporic corolla,* of small but varying sizes, 
arranged on a horizontal plane. This parallel can be carried no further, 
however, for the numerous coralkU* and the connecting ceenemkyma,'' 
if we may use these terms, are of "ourse solid, the process of growth 
being wholly similar to the formation of trne stalagmites over tbe floors 
of caverns. A piece of wood taken from the bowl of the Clepsydra 
was coated with a layer of pure white semi-crystalline .silica, resembling 
the icing used in confectionery. 

4. 5 Fitful Qegser. — This geyser is quite near the boiling spring repre- 
sented in Fig 37, numbered 6. It was in action irregularly all the 
time we remained in its vicinity. The main orifice is near one side 
of the top of a small heap of siwter, built upby the water somewhat in the 
shape of a leaning cone. Occasionally the aqueous contents were 
spurted to the height of three feet above the top, in a coarse jet, but 
more frequently the ejections were much less forcible than the accom- 
panying sound would seem to warrant. No connecting passage 
between this and the adjacent boiling bowl was apparent, but the 
action of the latter was such as to suggest some degree of sympathy in 
their movements. Some water also escapes from small bowls near 
the base of the chimney, which are constantly agitated, although they 
are not necessarily in direct communication with the geyser tube. In 
pools formed by the falling water, delicate white pebbles of pure gey- 
serite, with a concentric structure, have been formed, a polished sur- 
face being maintained by the frequeut movements to which they are 
subject. These, as well as portions of the coralline mechanical deposits 
about the main orifice, are frequently tinged or colored with rich shades 
of pinkish red, when moist. 

5. • Fountain Geyser, — While obtainiog an interesting specimen of the 
IJorcelain silica which forma a jutting ledge in the boiling spring, (No. 6, 
Fig. 37,) the water in No. 5, which had previously been quiet and not 

*TtiesH terms areemplojed in tbe aaaal zoological aeuse, according to Dr. J. D. Dana, 
(Coralaand Coral Islands.) Acorallumiaa ooral-maBsorHkeliitou, theskelxtoDof each 
pseudo-individual being called acornilet. ThBe<enenohyma is the main connecting diubb, 
—'•■-'• ' 'o all tliD polyps of a coralium. 
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entirely filled, rose suddenly until the bowl was ready to overflow, 
when alarge amouut was elevated to a height varyiug from six to ten 
feet, ill a column of nearly equal diameter. The action bejcan at 4.40 
p.m., (Augnst 23,) and the eruption did not cease wholly until 5.40 p.m. 
Occasionally very sudden impulses would carry smaller but quite large 
colnmiia twenty -five and thirty feet into the air. Sometimes tbe whole 
would gradually die down, and more than once when I thought that 
the ejection had ended, a vigorous throb would violently throw the 
water and vapor to its greatest height. The rushing noise produced by 
the escaping liquid was very loud, and a subsequent eruption, which 
occurred from 7.30 a. m. to 8.30 a. m. on the following morning, was 
distinctly audible at our camp near White Dome Geyser, more than 
a mile distant. At the close of the first eruption the water receded in 
the bowl, so that we could look down many feet into the large open pit 
which was thus formed, lu this case, as in all other instances of hot 
springs or geysers, which I was able to examine beneath Ihe surface, 
the water does not issue perpendicularly beneath the bowl, but in an 
oblique direction, and, almost invariably, at one side of the bowl. After 
a time, by a series of alternations of level, an equilibrium is restored 
and the water comes to rest nearly in its position before the eruption. 
The agitation takes place mainly in the portion represented at a in the 
cut, 6 being intended to show the outline of an adjacent bowl which 
receives much of the surplus water, but does not appear to be greatly 
concerned in the ejection. The ornamentation. is peculiar and interest- 
ing, varying in fineness of structure according to the distance from the 
rim of the bowl. The composition of the deposits is not materially dif- 
ferent from that of the accumulations about the neighboring bowls. 
The water in the fountain is very clear, and one obtains a very good 
view of tbe interior of the bowl by looking down through it. The com- 
mon azure tint is present, adding greatly to its beauty. A third erup- 
tion of this geyser (apparently) began at 1.20 p. m., August 24, the 
duration of which was not determined. 

6. * White Dome Geyser. — The North Branch of White Creek (see chap- 
ter XI) is fed toward its lower end by the drainage from two clusters of 
hot springs and geysers lying at a little distance back from the left bank 
or edge of the stream. Between these clusters there is a very promi- 
nent cone of a once very vigorous geyser, as is evinced by the existence 
of an old and important channel, now dry, which then carried off the 
surplus water. The siliceous deposits in this ancient stream-bed are 
much weathered, and a few small pines are growing directly in its track. 
The White Dome is a conspicuous object in the landscape, riaing nearly 
or quite 30 feet above the surrounding level. It is composed of a wide 
mound more than 15 feet in height, surmounted by a narrower chimney 
near one side, which is open at the top. The geyser is evidently djing 
out aud gradually closing its orifice, althoagh it manifests a cei-taiii 
degree of activity, not sufficient to cause the ejection of very much 
water. A small amount of vapor is emitted from the chimney without 
frequent interruption, but there is considerable variation at times in 
the quantity thus given ofi'. 

We slept too soundly to take note of any eruptions which may have 
occurred during the night, but three were observed on the morning of 
August 24. The first took place at 8.26 a. m., there being little more 
than an active sputtering, which continued for two minutes. Almost 
at the same time, one of the geysers, which had been playing vigorously, 
in the more southerly cluster, ceased its action. While standing upon 
the White Dome, at 10.17 a. m., it again sputtered, and threw water 3 
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feet above tlie apex of the cone daring two minutes. From a distance 
of half a mile, it was again seen to spout, at 11.20 a. m., with about the 
same degree of force, the eruption lasting the same length of time as in 
the preceding instances. 

The first two ejections were preceded and followed by a roaring in 
the tube, (the third was observed beyond the limit of the sound-waves,) 
each period being of nearly three minutes duration, making the whole 
time of eruption about eight minutes. Occasional roars were heard for 
some time afterward at irregular intervals. 

A portion of the water tails outside of the chimney and courses down 
one side, where it has worn a channel in the old deposits of the mound. 
A few small holes are exposed along this line, through which more or 
less of vapor is constantly escaping. The material of the mound at this 
point is a very compact, flinty variety of geynei-iU, arranged irregularly 
in pliites, with a clear opal appearing in spots. The exterior is covered 
with a dark-brown growth of a scummy substance, which tnrns black 
upon drying, and a perceptible pink tinge, with a few touches of green, 
are found beneath and in patches. The recent mechaoical deposits 
about the month of the chimney are compactly granular, breaking 
readily into coarse, uneven joints along no particular lines. The surface- 
contour is irregular, and the whole when wet has very much the appear- 
ance of a mass of white commercial sponge of a mixed variety, i. e., an 
average mass with frequent spots of a very flnepored variety. In an 
ordinary light, small pieces sometimes have a dingy aspect mnch like 
the color of coarse granular salt recently removed from a saturated 
greasy brine, but this changes to au extremely delicate pinkish hue in 
the full play of the sunlight. 

Some excellent specimens of silicifled wood were obtained from the 
bed of the ancient outflow, with all the structure of the original tissue 
without a visible particle of the substance, which is entirely replaced by 
the pure white silica. In many cases these are. covered by a structure- 
less incrustation of the same material, which has often reached a thick- 
ness of more than an inch. The inclosed portion ia usually very brittle, 
the silica showing a tendency toward the granular texture. 

7. 5 Boiler Geyser. — Besides the hot springs already described, which 
lie in a group near the upper end of the vale of White Creek, there are 
several geysers of some interest. The Boiler and the following bowl 
are not very extensive, but both appear to be constantly in action. The 
water in the former rises throbbingly near the center, and falls in a mass 
almost wholly within the cup, producing its mechanical deposits upon 
the edges by the action of the successive waves which are thus origi- 
nated. The resulting formation bears traces of the wavy ridges which 
would be left upon a horizontal or slightly sloping surface of loose ma- 
terial, as along a lake-beach, but the undulations being here more rapid 
and restricted in breadth, there is less of uniformity in the surface of 
the deposit. It is brilliant and glistening, though roughened and much 
cut into irregular squares, beads, and other forms of relief. Much of 
the grooving, or, more properly, the separation of the several parts of 
the relief-work, seems due to the trickling back of the water after it has 
been thrown up by the waves. By this combined action small gullies 
are worn out beneath the edges of adjacent raised patches, which give 
an appearance of overlap beyond what is real. These deposits were 
slightly pinkish when collected, bnt the color vanishes when the speci- 
mens become dry, although the unexposed portions are often flesh-colored 
over a surface of fracture. The silica is of a brownish color, usual- 
ly, except at the surface, much of which is light gray or nearly white. 
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S. § Bead Geyser. — Kot far from the Boiler there is a vigorona jet, 
which issnes from a rather long, narrow fissure, the water falliDg back 
unou the sides in a fine spray. The mechanical deposit is comparative- 
ly even, and it consists of a compact aggregation of minute, shiny, glob- 
ular grains, which are opaque and of a delicate brown color when dry, 
but having a rich pink luster as they lie continually moist in their natural 
position. The vertical edge of the rim is somewhat coarser, with the 
beady clusters more confusedly arranged. There is a tendency here, as 
elsewhere for the compacted deposit to split into more or less regu- 
lar cuboidal blocks, resulting in this case in the production of very lim- 
ited fissures, and these have been refilled by the infiltration of a pur© 
white silica, which now traverses the mass as an irregular net-work or 
honey-comb of platy veins, serving to cement the parts more firmly to- 
gether. Larger fissures, though quite small, are not thus filled, owing 
to a deficiency in the water-supply. 

9. 5 Unknown Oepser. — ^This name is proposed, provisionally, for a 
bowl which has been mentioned in a previous chapter under the head of 
Hot Springs, but which olfers such unmistakable evidence of past geyser 
phenomena that its peculiarities deserve special consideration in this 
place. No signs of very recent activity were apparent, nor is there any 
reason to believe that previous observers have witnessed an eruption, 
and yet the adjacent deposits exhibit very little appearance of extensive 
weathering. The shallow pools which have received the falling water 
were wholly dry in 1873, and a large number of the characteristic peb- 
bles of geyserite are present, showing the results of much disturbance, 
many being lozenge-shaped, others polyhedral. Kumerous mammillary 
pillarsprojectfrom the surface like so many stalagmites toa height of more 
than an inch, with horizontal diameters varying from a quarter of an inch 
to nearly two inches. The tips of these have the glistening leaden hue 
which characterizes the water- polished siliceous surfaces about active gey- 
sers, while the sides possess the peculiar yellowish tints and ronghened 
prickly surface which belong to portions submerged in pools containing 
hot solutions of silica. The material is a very compact opaliferous gey- 
serite, a cross-section of a pillar presenting a glittering surface, with 
several concentric bands, caused by the darkening of the color toward 
the center. The common tints are three, arranged more or less dis- 
tinctly, with dark gray in the center, brownish-yellow between, and 
white, with a yellowish-tinge, at the circumference. Little or no agi- 
tation of the contents of the bowl was observed at the time of our visit, 
(August 24.) 

10. • Young Hopefitl. — ThisnameappearsinProfessorBradley'sreport, 
1873, designating a small bowl of the group which we are now consid- 
ering. It spouts rather irregularly, with active and quiescent epochs of 
one or two minutes duration. The water is thrown in a jet, varying in 
height from three to nearly ten feet. 

The mechanical deposits are not of special interest. Another small 
geyser near this spot throws the liquid in much the same manner, but 
with shorter intervals, and to a height of a few inches only. Both of 
these bowls are probably constant, or perpetual in action, for they seem 
to have been observed by all the parties whicb have heretofore visited 
the locality in which they occur. 

11. * Steady Geyser. — About a dozen rods eastward from Young Hope- 
ful, there is a basin which receives a portion of its overflow after it has 
become somewhat cooled by passing through a pool of its own. The 
contents of this lower basin are almost continually agitated by the ejec- 
tion of a column of water from beneath a ledge or mound near one side. 
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cansiDg the jet to rise somewhat obliquely. The extreme altitude of the 
column at the time of our visit did not exceed twenty feet, and it rarely 
ascended less than fifteen feet. The falling spray mostly mingles with 
the contents of the pools, so that the mechanical deposits are less re- 
markable than in many parts of the Lower Basin. In some of the cooling 
pools at this point, there occurs aqaantityof the yellowish-brown gelat- 
inous material so abundant elsewhere, but it is here so thinly distrib- 
nted as to give the water the appearance of a yellow liquid at a little 
distance. 

Several other important gey8er.s were observed in action during 
our stay in the Lower Basin, but we were, in such cases, so tar removed 
from them that it was not possible to obtain any information of suffi- 
cient value to merit record here. 

In the Half- Way Group, (XIY, chapter XI,) there are one or two ap- 
parently constant geysers, in which the water is thrown in flue jets to 
a height of three or four feet. At first eight, there appears to be no 
essential difference between such bowls and those spouting springs 
which have elsewhere been excluded from the class of geysers, but a 
more careful examination proves that they manifest certain peculiarities 
of ernptiou belonging only to veritable geysers. The falling water 
here returns almost wholly into the bowl, so that no mechanical de- 
posits of importance are formed about their rims. 

C. — GEYSERS OF THE UPPER FIRE-HOLB BASIN. 

12.t Old Faithful.— At the extreme upper end of the Upper Basin, on 
the left hank of the Fire-Hole Eiver, there are several white mounds or 
domes which mark the ancient position of as many extinct geysers. 
One, now active, stands by itself upon a broad table, as it were, with a 
succession of irregular steps extending downward to the edge of a low 
cliff at the river-side, some ten rods distant or more. The contents are 
ejected through an elongated opening in a one-sided chimney, which rises 
perpendicularly to a height of fifteen feet above the upper step. Its 
appropriate name was given by Doane and Langford, on account of the 
approximate regularity of its action. The following table, originally 
published in the American Naturalist,* gives the particulars of eleven 
successive eruptions which occurred during a portion of the time which 
we spent in this locaiity.t 

TABLE. 
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•Vol. vlii.Maroh, 1874, p. 160. The first eraption given here was omitted in the 
Naturalist. 

1 1 take pleasure in acknowledging obligations to Lieut. S, E. Blunt, astronomer, for 
the record of several of these eruptions, in addition to other favors. 
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A description of the second eruption will serve as an illustration of 
the customary phenomena, there being but alight differences in any of 
the succeeding ejections. At 11.28 it. m. the geyser began to spurt a 
little, but barely enough to throw a slight amount of water over the 
sides of the chimney, although a constant ruinbltug was kept up below. 
At 11.36 a. m. a heavy mass of water was suddenly thrown out in a 
maguiflcent jet to the height of nearly 150 feet, and the accompanying 
column of vapor ascended to a much greater altitude. This continued 
quite steadily for two minutes, when the intensity gradually decreased 
with an occasional vigorous spurt, until 11.41.5 a. m., the rumbling and 
internal sputtering continuing for some minutes, during which a small 
amonnt of vapor quietly escaped from the orifice of the chimney. At 
least a dozen eruptions of Old Faithful were witnessed without record, 
for want of accurate observation. In every case the force of the ejec- 
tion was much the same, bat the duration of the premonitory and sub- 
sequent sputteriugs was quite variable. In the third eruption given in 
the table, the first spurt occurred only three minutes before the ejection 
began, and the preliminary agitation ia the fourth eruption took place 
but two minutes previously. 

The sides of the chimney of this geyser are covered with a very deli- 
cate mechanical deposit, which may be compared to an aggregation of 
immense quantities of minute pearts so arranged as to simulate irregu- 
lar but crowded masses of grayish-white coral of the finer varieties. 
In the broad but shallow pools about the base of the chimney, there 
were no geyserite pebbles, but each pool had a beautiful pinkish bed, 
tesselated by the falling water in such a manner as to give it the appear- 
ance of a pebble-paved floor. There is a distinct cleavage Hue, marked 
by the grooves between the pseudo-pebbles. The latter vary in size 
from that of a grain of wheat to those which have diameters of nearly 
or quite two inches. The mass of the deposit is composed of remarka- 
bly pure, glittering, pearly silica. There is sufficient evidence that the 
tesselation is caused by ripples induced in the pools by the agitation of 
the water, and the resulting structure is not widely different from that 
of the mechanical deposits about the rim of the Boiler Gteyser, i^anU, 7.) 
Notwithstanding the abundance of the deposits of Old Faithful, it seems 
certain that it is of comparatively recent origin, for there are large quan- 
tities of silicified wood imbedded in the track of its outlet, and even 
among the outer layers of the chimney itself. As a rule, the cellular 
texture is not wholly obliterated, although the original tbrm of the wood 
is often scarcely discernible. Specimens obtained are usually very brit- 
tle and much penetrated with intercalated silica. 

13.* Castle Geyser. — At some distance down the stream, upon the same 
side as Old Faithful, a prominent mound rises above the general surface 
to a height of twenty feet, with a huge chimney more than fifteen feet 
in height, ascending from a point near the center. About the edges of 
the latter are abundant mechanical deposits, some of which are of the 
coarse varieties, which everywhere indicate a high fall, or, more com- 
monly, the thud of a heavy column of water. The geyserite is extremely 
compact, as in No. 12, but, unlike the greater portion about Old Faith- 
ful, the exposed surface is here quite generally polished, possessing the 
peculiar leaden luster noticed in some of the deposits from the Lower 
Geyser Basin, The same feature is strikingly displayed in parts sub- 
jected to the overflow in some steaming pools near the base of the gey- 
ser, but with less of the bluish tint, which seems in some way connected 
with the descent of the water. 

When wo entered the basin, early on the morning of August 25, the 
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Castle was roaring rigoronsly, aud a small amount of vapor escaped 
steadily ftom the vent at the summit. This gradually dwindled, and 
uo eruption took place until the following day, although spurts of two 
or three feet only occurred at irregular intervals, Shortly before 4 p. 
m. on the following day, a large mass of water was ejected in a colunia 
which was maintained for ten minutes at a height of nearly thirty feet. 
Leaving the basin one hour later, the roariug which continued after the 
eruption was still very audible at a considerable distance. From this it 
may, perhaps, be justly inferred that an eruption had taken place just 
before our arrival on the previous day. There was a certain fltfulness 
of action before and after the main ejection, all of which may properly 
be considered as part of one eruption lasting more thau an hour. We 
observed the phenomena from a little distance, when we were unable to 
devote any time to special examination. 

There are several small boiling pools near the base of the geyser, aud 
a round steaming caldron on one side. One pool is almost a geyser, 
throwing the water two feet into the air, 

14. t Giant Geyser. — Near the edge of the main stream, npon its left 
bank, below the Castle, there is a large conoid chimney ten feet in heiglit, 
open down one side, so that one might pass in through the gap. The 
thickness of the wall is not very great, nor is it remarkably thin. In 
tlie past there has evidently been much and vigorous agitation of the 
pool, which is now in a constant st^ate of ebullition but a little below 
the surrounding surface-level. Doane, Hayden, Langford aud others, 
have witnessed and described eruptions of great power, but there is no 
record of important ejections since 1871. lu 1873, the action was con- 
staiit^ the water being rarely thrown in successive jets to a height of 
three feet or less above the summit of the encircling wall, but as a rule 
the column did not rise safheiently to throw the liquid over the edges. 
This is one of the most noticeable geysers in the whole basin, on account 
of its raised portion, n-bich has been entirely built up by the evapora- 
tion of the water ejected from the pool within. The exterior is dark- 
colored, unlike many of the other chimneys, and the rather coarsely 
granular geyserite of which the wall is partly composed has a tawny 
yellow tinge. Smoothly-worn lozenge- shaped aud polyhedral pebbles 
were obtained from shallow pools adjacent to the cone. The cone itself 
ia elevated somewhat above the general surface, resting upon a slight 
terrace formed of geyser deposits. Several other pools, which seem to 
have more or less of sympathy in action with the Giant, are situated 
near it, and some are provided with interesting rims. One large open- 
ing of this kind, in a flat-topped mound three feet in height, spurted ten 
feet in sudden jets. 

15.* Grotto Geyser. — AboutthirtyrodsdownthestreamfromtheGiant, 
and at some distance back from the water, there is an irregular mound 
with several lateral orifices, through which the water is forced during 
an eruption. By this means the main current is thrown over a ridge 
into a pool behind, and a large portion of the ascending column of water 
is converted into a very flue spray. The markings over a considerable 
surface are, therefore, exceedingly regular and remarkably fine, resem- 
bling a smooth white floor inlaid with glittering pearls. Large slabs 
of this material, thiee-fonrths of an inch in thickness, can readily be 
detached without injury, but the geyserite is rather brittle and does not 
bear transportation well. 

We witnessed but one eruption, which began at 2.17 p. m., August 
25, continuing uninterruptedly till 3.03 p. m., when it ceased altoge Her. 
The water was ejected with much force in two irregularly-altern-iting 
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colomus, proceeding from the two large conical chimneys of which the 
mound is made up, and from several intermediate openings of small 
size. The volume of water and vapor was large, and a good-sized stream 
was formed by the surplus, which ran off down the hill to the river. 
The maximnm height was nearly twenty-flve feet. According to Dr. 
Peale, the duration of this eruption was less than one-half that of two 
witnessed by himself in 1872, and the intensity, as measured by the 
mean height of the eruption, was alao less in 1873, judging from his 
report. 

16. • Biv^side Oeys&r. — A little below the Grotto, across the river, a 
geyser which is situated near the edge of the stream began to spout at 
2.43 p. m. This is known as the Riverside Geyser, A jet of fine spray 
was very suddenly thrown more than thirty feet into the air, which 
continued quite steadily until 2.47.5 p. m., when it ceased acting for 
one-half minute ; then it played weakly for two minutes, ceasing again 
for half a minute, then played again rather vigorously until 2.53 p. m., 
(two and one-half miuutes). At 2.54 p. m. it roared loudly and became 
quiet at 2.56 p. m., after which no action occurred. The Riverside has 
a low, irregular mound, with a small chimney scarcely rising near its 
center. When qniet, however, there is little about it to attract the 
attention of the passer along the trail. 

17. * Fan Geyser, — While watching the pulsations of the Grotto, a col- 
umn of vapor was evolved from a geyser upon the right bank of the Fire- 
Hole Eiver, a few rods below the Riverside. This began at 2.43 p. m., 
almost precisely at the moment when the eruption began in the 
Riverside. Gradually increasing in intensity, it was throwing a large 
column of water at 2.49 p. m., which continued, but gradually diminish- 
ing, until 2.54 p. m., at which time it almost ceased, sputtering occasion- 
ally, however, until 2.56 p. m. This record shows a remarkable simi- 
larity or sympathy between the Fan and the Riverside. Dr. Hayden 
states (Geological Survey of Montana, &c., 1871, p. 124) that the Fan 
is composed of a close cluster of five orifices which play together. The 
column is very interesting, spreading out broadly owing to the cross- 
play of the several streams. 

18. * Grand Geyser. — Returning to camp, laden with specimens, when 
nearly opposite the Castle we were recalled by the shouts of several of 
the party who were standing near that geyser. Passing down the river 
a few rods, upon the right bank, we saw a heavy mass of water rising 
in a square pool at the footof a clitf some ten rods back from the stream. 
With a rush of wonderful power theeolumn of dark blue liquid ascended 
nearly two hundred feet, mingled with a cloud of dense white vapor, 
which rose to a much greater height. This tremendous fountain was 
kept suspended during five minutes, from 4,01 p. m. to 4.06 p. m,, by a 
series of successive fierce impulses which caused the surrounding plat- 
form of geyserite to tremble with the shock. The water then receded 
in the bowl, passing entirely out of sight and remaining quiet during one- 
half minute ; then playing vigorously for one minute, in the same manner 
as at first, it again recededandremainedquietfor one minute, afterward 
playing once more even more fiercely than before for two minutes, re- 
maining quiet from 4.11 to 4.12, and then continuing with more or less 
of vigor until 4.12.5 p. m. At 4.17.5 p. m. vapor issued from the mouth 
of the bowl, and water was ejected at 4.20.5, continuing until 4.24, when 
the action ceased, the water, as in every case, receding to a great depth. 
Spurting took place at 4.28.6, gradually increasing in intensity, with 
occasional jets, until 4.31, when it again spouted two hundred feet till 
4.32.5 p. m. Remaining quiet until 4.48.5, it again spurted several times, 
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less rapidly tlian before, but very gradually increasing in power and 
frequency till 5.47 p. m., when the action wholly ceased. 

The mechanical deposits about the Grand Geyser are of much beauty, 
beiDg highly polished and of a glistening ivory tinge. The falling water 
is very largely brolcen into fine spray before it reaches the ground, so 
that the protuberances are often quite delicate, but there is a certain 
irregularity of arrangement which rather adds to the general effect than 
otherwise. Perhaps the nearest approach to a satisfactory parallel will 
be to compare a portion of the common ornamentation to a siliceous base 
covered with a jumbled arrangement of miniature teeth of various ani- 
mals without regard to classilication. Such comparisons are, however, 
of little value, at best. There is not a little variation in size of the com- 
X>onent parts, according to the action of the water at different points. 
Sometimes the excreseeaces are so minute and so densely crowq^ as to 
appear globular, giving an irregular surface much the aspect of a coarse 
oolite or pisolite ; other masses, often more or less like small imbedded 
bowlders, present an appearance upon the upper surfiiC6,in many respects 
similar to the finer varitles of Meandrina, or " bi-aiu-coral." In the wash 
at a little distance from the geyser, a beautiful specimen of snowy- white 
silica was obtained, which had been honey-combed by the solvent action 
of the hot water passing over it. There is more or less of variation in 
the quality and texture of the deposited material, as is shown by the 
differences observed in successive layers. Some of the geyserite is pure 
white, some brown, and green, pink, and even black, are not unfrequently 
seen in spots or in distinct layers. 

It should be remarked, that notwithstanding the expressed contrary 
opinion of Dr. Hayden, based upon observations of several eruptions, the 
writer is strongly in favor of the idea that the Grand Geyser is to some 
extent in sympathy with the three following, for reasons which will be 
suggested beyond, 

19.* Turban Geyser. — Just above theGrand Geyser and butafewfeet 
distant there is an oblong pit ten by twenty teet and sis feet iu depth, 
with a large passage at one end through which it is fed from below. 
Shortly before an eruption, as is common in the geyser basins, the water 
rises so as to fill the pit. At 4.09 p. m., August 25, during one of the 
spotttiugs of the Grand Geyser, the water iu the Tnrban was agitated, 
boiling up in a powerful throb to a height of three feet, with occasional 
protracted spurts varying from twenty to thirty feet. At 4,12.5 the 
water reeededjtar down the subterranean passage ; at 4.17 p. m. vapor 
ascended, followed by water at 4.17.5, after which the agitation was 
variable in degree, being continue<l without interruption until 5,40. 
Frequently during the eruption quantities of water poured over the rim 
of the bowl, a considerable portion flowing directly iuto the mouth of 
the Grand Geyser, and apparently producing an important effect upon 
the action of the latter. 

The Turban is named from the occurrence of large globular masses of 
geyserite within ihe rim, which are ornamented in such a manner as to 
suggest the form of the Turkish headdress to one of an imaginative 
turn of mind. A fine-grained mechanical deposit taken from near the 
bottom of the pit after the eruption resembles a piece of sponge with 
minute "pore8,"{inhalentaperture8,) and quite large " oscnla," {exhalent 
apertures.} In general, thedeposit^arecoarser and quite flrmin texture. 

20. • Saw-Mill (?) Geyser.*— Jnst beyond the Turbau, down-stream, a 

* The Saw-Mill Geyser laid down on Haydeii's Map of the Upper Geyser Basin, pub- 
lisbed in bis report for I»71, is not th« one referred to here, hat Dr. Peale and otliera 
bave used this name !□ soch connection as tu lead lue to supposu that ttiia is the one 
to which the name is applied in their worlm. 
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small orifice, not more than 5 or 6 inches in diameter, would be over- 
loolied if not observed during; an eruption. Tbe mixed vapor aud 
water ascends in a vigorous jet several feet in height, with a kiud of 
puffing noise, or, more properly, with a sound like the contiunons escape 
of steam under pressure, interrupted hy occasional sadden puffs, when 
the column ascends to a height of 10 or 15 feet. The pufflng noise is 
also present as the eruption dies out by successive irregular spurts. 
On the 25th of August, this geyser began to play quite suddenly at 4,11 
p. m., ceasing action with the Turban and the Urand at 4.17.5 p. m. 
Vapor again issued at 4.1S, and water at i 19, the eruption continuing 
constancy until the others also ceased, at 5,40. 

21. § Tardy Qeyser. — A fourth vent near the Saw- Mill (f) gave rise to 
a small jet during the height of the second eruption of that geyser, and 
it may be but a waste-pipe for this when full. The Tardy Geyser began 
to play about 4,26.5 p. ni., August 25, and continued in action nearly to 
5.40 p. m. The water rose to a maximum height of only 3 feet above 
the surface. 

23, 23, 24. § Trinity Geysers. — This name is used for convenience in 
designating three bowls, which have, perhaps, been otherwise named. 
So far as can be determiued, however, from any writings upon this 
subject, no record of any eruption has been t)ublished. We had left the 
vicinity of the Grand Geyser late in the afternoon of August 25, and 
were hastening to our camp at the upper end of the basin, when we 
were startled by the eruption of another geyser at the edge of a broad 
terrace just above us. This began at 6.30 p. m., continuing till 6.35.5 
p. m. The water proceeded from a mound raised some 3 feet above the 
terrace, having a diameter of 5 or 6 feet. The water reached a height 
o£ 75 feet or thereabout. Another geyser very near spouted at 6.33 
p. m., ceasing wholly at 6.35, This had a similar orifice and chimney, 
not quite as high as the preceding, but the column of water was of 
nearly the same dimensions. A third geyser, with little or no raised 
walls, but with a fair-sized pool, but a few feet from tbe others, spurted 
at 6,37 for a few minutes, throwing the liquid about 60 feet into the air. 
From their apparent connection they have received the provisional 
name of the Trinity Geysers. W© were unable to devote sufficient time 
to their study ; hence these few data. 

25.+ Giantess. — This geyser, which is situated ou the right bank of 
the Fire-Hole Eiver, near a portion of our camp, {No. 46, August 25,) 
was not seen in action by any of our party. In fact, but two or three 
eruptions have as yet been witnessed, and it is probable that its quies- 
cent intervals are of great duration, although it is one of the most 
powerfal bowls in the world. There is little in its aspect and surround- 
ings to indicate its power, and its subterranean structure is very 
obscure. 

SUMMARY. 

The geysers, which have been described from the Upper Fire-IIole 
Basin, comprise, with the exception of the Giantess, those which were 
observed in action by the writer of this report-. They also constitute 
the principal members of the great gronp to which they belong, and 
several are included which have not before been known to eject a col- 
umn of water. In the Lower Basin a few of the principal bowls were 
not seen by the writer ; hence, no descriptions of these iiave been given, 
but enough has been offered to show all the prominent features of the 
eruptive springs of the district. 
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DUTEEBKCE BETTTEEN HOT SFBIHGS AND GBYSEES. 

Hot Springs. — We Have seeii that in some bowls wbich liave been 
classed aa mere thermal springs there is more or less of constant or 
periodical eruption. A careful examination, however, will almost inva- 
riably show a marked difference in the character of the phenomena 
attendant upon the projection of the elevated liquid. 

In the ordinary hot spring the spurting of the liquid, when it occurs, 
is owing to a resistance offered to the direct escape of the expansive 
force firom below, and this resistance may be found in the tenacity of the 
liquid contents of the bowl, in the untoward shape of the bowl or its 
connected passages, or in the sudden restriction of the orifice near the 
surface of the liquid. In either case the uprising force is condensed, 
as it were, near one point, and the spurt or eruption is caused by the 
sudden overcoming of the tension when the force has become sufficiently 
concentrated to free itself from its confinement. Thus we may meet 
with a great variety of spouting thermal springs, resulting from two or 
more of these causes combined, and the force may be produced by heat 
alone or by the evolution of carbonic acid or other chemical change in 
addition. (See Fig. 38.) 

Geysers. — The phenomena observed in connection with the typical 
geyser, however, do not atlmit of such a simple explanation ; and there 
is much doubt whether existing theories are sufficient to account for 
all the common manifestations of such agitated bowls. Almost without 
exception, in thetruegeyser, the action, whether frequent or the reverse, 
is intermittent, although the successive periods in each case may be 
quite irregular. Without entering upon a lengthy discussion of this 
interesting subject, it will be necessary to enumerate several of the pe- 
culiar features of geyser-eruptions which serve to distinguish these 
bowls ftom the mere eruptive thermal springs. Usually, as the first 
indications of an approaching eruption, there will be noticed an escape 
of vapor, soon followed by a sudden rising of a m ass of water sufficient 
to fill the surface-chamber of the geyser. The phenomena which follow 
are very largely the result of structural features of varying nature, no 
doubt, but it will invariably be found that the eruption takes place 
near the center of the bowl, and that the elevation of the column of 
water is accomplished by continuous or successive throes from one spot, 
■while in the oniinary erui)tive springs the column is seldom shot up- 
ward from the same point twice in succession. We must, therefore, 
believe that the propelling power in the geyser acts temporarily and 
suddenly, while in the common hot spring, quiet, boiling, or eruptive, 
constant or perio<lical, the force is evolved with considerable regularity. 
The idea which the writer desires to convey will be rendered more evi- 
dent by the comparison of Figs. 38 and 39. Fig. 38 shows the supposed 
section of a common eruptive spring; and it will readily be seen that 
jets may even occur in cold springs of this structui-e, provided a quan- 
tity of carbonic-acid or other gasisstruggling to free itself from beneath 
the ledge at o. In Fig. 39, which is intended to represent the supposed 
condition of the subtenanean geyser-waters in the first stage of an 
eruption, the reservoir a is supposed to contain water which remains 
in equilibrium nearly at the level ss. By constant accessions of heat 
from below, the vacant passage above is finally filled with vapor, and 
by degrees the water in the bent passage c becomes heated, and evolves 
vapor also, as in o. After a time, the expansion of the vapor in b is 
able to overcome the combined pressure of the water aud vapor in cand 
o, when the latter is forced out, followed by a portion of the water in 
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the reservoir a. The force thus expended, a va<'uum is produced in h by 
tbe receding of the column of water in a, and the toregoing operations 



Fig, 33— Ideal section of a thermal eruptive spring TIic airn 
direction of the action of the subterranean force The channel m conatrioted at o 
le of the surface-bowl 1, 3, i represent the variable positions of si 




are indefinitely repeated. This theoiy seems tapable of explaiuing the 
facts so far as they are known, and the \ariationa obseived in special 
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cases, or even in different eruptions of the same geyser, appear to the 
writer to require "bat aligbt moiliflcatioiis of the section, and none that 
are of great importance. The passage c may be kept filled with water 
by means of the surplus which falls back into the bowl, 

Bnnsen's theory of geyser action, which has not yet been proven inade- 
quate to explain the more prominent featoi-es of eruptions, does not seem 
sufficient (to the writer) to account for all the difterenees between 
the geyser and the mere hot spring, Imt it must not be inferred that 
such excellent authority is disregarded. On the contrary, the author 
proposes the structural hypothesis simply as a supplement to the super- 
heating theory of Dr. Bunsen, in order to explain surface phenomeua 
common in the Fire-Hole basins, which appear to require an extension 
ofhis views. At the same time it must be confessed that there are ob- 
jections to his theory, based uiion these observations, which are difhonit 
to reconcile. It will be impossible to present these here, but an outline 
of the tiieories in question is appended. Bnasen has shown that an 
eruption may be artificially produced by iatroducing steam near the 
base of a long, narrow column of water, which causes the water, as it 
rises under pressure, to become superheated, the surplus heat being 
used for the production of more steam, which adds to the elevating force. 
His admirable theory, of which the above experiment is an illustration, 
is based ui>on a series of ingenious observations among the hot springs 
of Iceland, Bischof adopts an opinion almost identical with the stnict- 
uralbypothesisbereproposed, and the present author,it will be remarked, 
combines the two theories, believing both necessary t6 explain all the 
facts observed. 

ORIGIN AND PEESENT SOURCR OF UEAl'-SUl'l'LV. 

It is not to be doubted that the origin of the heat evolved in these 
springs must be soiight in the causes which have led to the pouring out of 
the immense floods of igneous material which now cover the area over 
which they are distributed ; and yet there are so many elements of un- 
certainty connected with the distribution of the bowls that a thorough 
discussion of the subject would scarcely be possible, were it advisable to 
enter iipon it here. The present source of the beat-snpply is equally 
difficult to determine on account of the very meager knowledge which 
we possess of any of the phenomena, as well as our ignorance of the 
intimate geological structure of the district. We have now learned just 
enough to make further investigation most desirable, and it is to be 
hoped that measures may be taken without delay for the proseculion of 
researches in a field which promises results of most extraordinary impor- 
tance if properly cultivated. 

Chemical changes, &c. — While it is probable that the seat of the lieat- 
supply is far below the present surface, there is every reason to believe 
that the character and intensity of the eruptions are very much influ- 
enced by the supply of water from above ground, and some data were 
collected which seem to prove that certain chemical changes under 
ground produce a very appreciable eftect also. Carbonic acid certainly 
exerts a power in the propulsion of the water in not a few of the springs, 
and its similar action in some of the geysers is much more than suspected. 
Some bints of the results of analyses of the various thermal waters, 
kindly furnished by Dr. Heizmann, lead to suspicions of like results 
caused by other chemical changes, but little is definitely known c 
ing them. 

H. Ex.285 17 
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MISCELLANEOUS HOTES. 

Geyserite pebbles. — As remarked iu several places io this cliapter, many 
of the jjriiicipal geysers in both basins of the Fire-Hole lliver are siir- 
rounded by shallow pools in which are found well-woni pebbles of 
geyserite, with more or less of a concentric structnre. These were at 
first supposed to be accretions formed by the continual addition of silica 
from the falling water. Careful observation and the snbseciuent study of 
the various mechanical deposits have led ine to an opposite conclusion, 
however. Many of these lobbies are polyhedral, but the concentric 
layers of these, as in other cases, are arranged in bands, with oval or 
circular cross-sections, not corresponding with the external configuration. 
Moreover, an examination of the external layer of polyhedral specimens 
shows that it has been worn away in parts, proving conclusively that 
the i>ebbles have been reduced from forms with a more or less curved 
ontline. These pebbles have, therefore, been worn down to their present 
shape, by attrition in their pools, and they have no doubt been first 
formed as ordinary mechanical deposits, in the form of protuberances 
over the general surface, or as divisions of a tesselated patch, like por- 
tions of the platform near the base of Old Faithful Geyser. (So. 13, this 
chapter.) 

Silicified tcood. — That a very large portion of the petrified wood now 
found in the volcanic district has become so without the intervention of 
thermal springs is scarcely to be doubted iu the light of the abnndaut 
evidence which has been gathered of the more direct action of the waters 
percolating through the igneous material. Still we are, perhaps, not 
warranted iu adopting the conclusion that the process of silicifica- 
tion was necessarily widely different from that now in progress in the 
vicinity of many hot springs, for it is probable that very much, if not 
all of it, was accomplished by the action of heated water. (See chapter 
IX.) The amount of petrifaction now taking place about the thermal 
springs is comparatively small, though in some localities a considerable 
quantity is subjected to the influence of the water. The process is more 
complete and uniform in the neighborhood of the fjuieter bowls than 
iisually about the active geysers. In the hot spring the soaking of the 
wood is much more complete, and, though the silicilication may be much 
retarded, the entrance of the siliceous solution into its substance is 
thereby greatly facilitated. On the other hand, the outflows from the 
geysers being more plentiful and vigorous, the fragments of wood are 
quickly coated with nearly pure silica, but thorough [lenetration is almost 
impossible, unless they are so situated as to be almost constantly boiled 
within the bowl. 

Evidences of former fioods. — Not only in the geyser basins of the Fire- 
Hole Valley, but in several other regions of thermal springs, as at Gar- 
diner's Kiver, the locality of the Wayside Group, &c., there are unmis- 
takable signs of inundation at some undetermined time iu the past, 
the extent of which it is very difBcult to imagine. In some portions of 
these districts the trees are marked for two teet above the base of the 
trunk with a white incrustation, giving them something of the appear- 
ance of the whitewashed trees in an orchard. It would certainlj' be impos- 
sible that any such traces should be left by snow remaining upon the 
ground for any length of time, and there seems no alternative but to regard 
these markings as a relic of a time not very long gone, when the areas 
in question were oveiilowed by siliceous waters to the depth mentioned. 
If it be true, then, that the overflow from the included bowls has been 
80 enormous during motleru times, it becomes a question of very gi-eat 
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interest what can Iiave caused such an increase in their intensity. No 
facts can now be given to aid materially in the solatioa of this problem, 
bnt it may be stated, in closing this lengthy teriew of the subject of 
therm o-dynamics, that this is but one of a hundred equally interesting 
subjects "which press upon the attention of the investigator iu these 
parts. When it is considered that all the facts which have thus 
far been gathered have been recorded during the driest season of the 
year, and that no observations at any one locality have extended over 
a period of a single week, it may be well esteemed most fortunate that 
we have even gained the little tnowledge which we now possess of these 
remarkable pbeiiomeua. May the day be not far distant when a com- 
plete series of careful, constant, extended, and connected observations 
may be undertaken, to be continued through all seasons for a number 
of years. 



CHAPTEK XIV. 

aechjEology, with manners and customs of eastekn shoshones. 

I. Arehieology — a, Wrongbt fialcea — 6. Spear-heads and arrow-heada — c. Stone circles 
aud other relics of sun-worshipers (f)— ^. Stone cohimns, graves, &e.—e. Eook- 
LDscriptions. II. Eastern Shoshones or Wa»haliio band — a. General and socialchar- 
acter — b. Traditions and superstitions — e. Expression of emotions — d. Society, 
government, &c. — e. Musical expression — -f. Ornament and "medicine" forma. 

There are very few portions of our western territory which do not 
furnish some evidences of the former esistence of Indian tribes other 
than those now occupying the giveu areas. Relics of various kinds are 
not absent from the district now under discussion, although such are by 
no means extremely common in this region. The present and the follow- 
ing chapter are devoted to the very brief discussion of those which have 
come under the notice of the author, together with some account of the 
manners, customs, and languageof the present inhabitants of the Wind 
River Valley, commonly known as Washakie's band, or Eastern Shoshones. 
The material tbr this review, with one or two exceptions,* consists 
entirely of personal notes obtained on the march and in camp, in the 
intervals of more pressing duties, as much tiraO as possible being 
devoted to the examination of archaeological relics wherever they 
occurred during the trip. It was originally proposed to present this 
material in a series of several chapters, but this has been rendered 
impossible for lack of the necessary time for its complete elaboration in 
connection with outside labors. 

I.— ARCH^OLOGICAL NOTES. 

The relative age of the several varieties of the remains to be described 
under this head may, perhaps, be capable of determination when suffi- 
cient data have been gathered, but it will readily be acknowledged that 
this is now impossible, when it is considered that all the accnmulations 
are superficial and separately distributed, so that two distinct forms are 

* Dr. J. Van A. Carter, of Fort Bridger, who is well posted concerning thehahits aud 
lauEiinee of the Shoshones and neighboring tribes, has kindly furnished a few notes 
which nave greatlj aided in verifyina my own, upon the dialect of Washakie's band, 
besides enabling me to obtain additional hints as to the structure of the language. 
Wherever comparisons are made with other tribes, dne credit is given to the authontiea 
quoted in Uie test. Mr. J. D. Putnam obtained for me a small list of words from one 
of our scouts, most of which were veriHoil by co;n[iariaoa with my own notes. 
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seldom or uever found in oue locality. We will, therefore, group theiu 
according to their character, eouaidering them in their order of occur- 
rence along the trail of Captain Jones's party. 

a. — WORKED FLAKES OF QUARTZITB AND OTHEE MATEBIAL. 

The soHtliern portion of tlie Greeu Eivcr, or Bridger Basin, lias the 
surface strewn with numerous fragments of various rocks, mostly of 
small size- The greater number of these possess no features of special 
interest, being evidently the mere accidental products of the natural 
wear and tear of bowlders in transitu, or of rocks subjected to sudden 
great changes of temperature. Not a few, however, so closely resemble 
the rough flakes which are produced by striking ofi' small chips upon 
both sides of a median line that scarcely any one who might view 
them by themselves ill a cabinet would be disposed to question their 
artificial origin. 

Prof. Joseph Jjeidy has figured and described a number of these 
■wrought flakes in Haydeu's Keport for 1872*. In speaking of them be 
says : " These witli little doubt may be viewed as rude implements of 
art. The vast numbers of similar stoues to be found on the buttes and 
plains near jFort Bridger, and their gradation to undoubted accidental 
fragments with which they are mingled, alone renders it improbable 
that they should be considered as such," 

We can add little or nothing to his careful observations upon the 
subject, but a little space may, nevertbeless, be occupied with a de- 
scription of these wlics and their distribution and mode of occnrreuce. 

The form and size of two average specimens are clearly showu in 
Figs. 40 and 41, which also afford examples of two of the most com- 
mon rock varieties observed among the worked fragments in the neigh- 
borhood of the Uintah Mountains. Fig. 4U represents a flake of 
dark, glistening quartzite, with a corroded appearance over a surface of 
fracture. Fig, 41 is drawn from a specimen composed of a finer- 
grained variety of quartzite, of a much lighter color, approaching green- 
ish-gray. 

Neither of these show remarkable signs of weathering, but there is 
often much difference in this respect among fragments from the same 
locality. It is scarcely to be supposed that these rnde splinters have 
ever subserved the purpose of weapons or other implements, although 
there are many of the flakes of more definite shapes, which may have 
been so employed. It seems probable, however, that a large proportion 
of those which can be referred to no particular form, are merely the 
rejected pieces which have been spoiled, during the process of mauufac- 
tnring more perfect implements, or, in some cases, perhaps, they are 
pieces from which smaller arrow-heads have been chipped. 

Flinty and jaspery flakes are not uncommon, and Professor Leiily 
reports the occurrence of well-wrought implements in situations which 
have afforded favorable locations for pernianent camping-places of the 
Indians. 

Aside from ths freshness of appearance of very many of these stones, 
there are other reasons ibr doubting the remote antiquity of the 
greater portion of them. 

It is well known that existing tribes of Sorth American Indians, now 
mainly removed to the southward of the forty-first parallel, have used 

* See his exoellent article " on KeiiiH.ius of primitive Art in the Bridger Basin of 
Sontliem WyomiDg," Geological Survey of Montana, Idaho, &c., 1372. Wasliington : 
1873, p. 651. 
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weapODsand other implements of atone, many of wtieh now lie scattered 
over a wide area, including the territory embraced by our reconnaissance. 
It is interesting to note that the material of these fairly-fashioned tools, 
as observed northward along our trail, bears a striking resemblance to 
the rocks and the rude flakes collected near the northern base of the Uin- 
tabs. In fact, not a few of the spear-beads and arrow-heads mentioned 
beyond could not have been obtained at any point nearer tlicir observed 
positions than the southern portion of the Green Eiver Basin. Again, cer- 
tain articles of a very rude character are still in use to some extent among 
our western Indians, and even in the cases of such tribes as have now 
entirely discarded the implements of stone and bone, relics of such ma- 
terial are not uncommonly found in graves which cannot be regarded 
as ancient. The Shoshones, though mostly provided with tools of iron 
and steel of approved patterns, are still to be seen employing, as a 
scraper in the dressing of skins, a mere " teshoa," consisting of a small 
woni bowlder, thinner at one end, split through the middle in such a 
manner as to furnish a rongh cntting-edge at one side. There seems to 
be a considerable advantage in this over any form of tnife or other 
tool whieli has jet reached them from without, and it is probable that it 
will be retained so long as tlieir present method of prepai'ing hides is in 
vogue. 

As a possible offset to the foregoing remarks, it may be mentioned 
that nothing can be learned of the origin or use of the dakes from the 
Indians themselves, who appear to know little of them, or, as Dr. Oar- 
ter observes, they regai-d them as ancestral possessions bestowed 
by the Great Spirit directly. 

In estimating the value of this element in the determination of the 
age of these relics, it should be borne in miud that the traditional 
metho<l of communication is not prevalent among the tribes of the Sho- 
shone Group. But we have barely touched upon the salient points of a 
subject of great interest, which requires more careful observation and 
comparisoiiifor its further elucidation. We pass somewhat naturally to 
the next topi«. 

^.— SPEAR-HEAUS AND ARROW-lIEADy. 

Our route fi'orn FortBridger to Camp Stambaugh lay along the line 
o&a road which has been much traveled by foot-passengers in the past, 
and very few of the stone weapons which have doubtless been strewn 
widely over the Green Itiver Basin by the tribes which have roamed 
and fought over its area were observed by members of the party. The 
ever-shifting sands have probably buried large nnmbers of these imple- 
ments also, and it is only in peculiarly thvorable situations that they 
are now exposed at the surface. As before mentiond, well-formed spear- 
heads and arrow-heads may be obtained from many localities in the 
neighborhood of the Uintah Mountains, where they lie more or less im- 
bedded in the compacted surface-layer, upon the summits of benches, 
or in the vicinity of hollows, which offer attractive and sheltered situa- 
tions for camps. North of the Union Pacific Eailroad, there are very 
few chances of obtaining such relies, except upon the tops of rocky 
battes or benches not covered by beds of the Bridger-Eoceue formation. 
Fig. 42 represents in outline, with cross-sections taken at base and apez, 
a ixirtion of a spearhead of gray quartzite, not greatly differing from 
the material of the flake illustrated in Fig. 41. Very few of the im- 
plements made of this material appear to have long retained their origi- 
nal form in Mo, but the ends are usually more or less fractured, as in 
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figs. 42-44. While running a topographical base-line across tbe plain 
near Camp 10, Mr. Le Hardy obtained a fragment of a spear-liead of 
similar substance, tliree 
(fO" or four times as large as 

that of Fig. 43. Captain 
Jones picked up a beau- 
tiful arrow-head, very 
small, of clear opal, from 
tbe slope of a low terrace 
bordering the North Fork 
of PopoAgie Eiver, at 
Camp 17, (Wind Eiver 
country, southeast of 
CampBrowu,eigbtmiles.) 
The fragment shown in 
Fig. 43 is a portion of an 
uncertain weapon, which 
\b my frequent companion, 
Pinatsi,* picked up of his 
own accord from the top 
of a verj- high ridge which 

^ .^ u. , .,■ ^ , , , , -r we had ascended together. 

Fig. 42. — Traced ontline of a lirolien spear-liead of _, ., .4.1 4.„„;i i>„i.„„r,„ 

gray quartzite from a bluff on Little Saodv Creflk, o.i«- "Orth of the trail between 
SalfmileuortliofCamplO.GreenRiTerUaBin. n<i,tc,Camp8 24 and 2o, among 
sectioaal ontlines at J D and. B C. the foOt-hiUs of the Owl 

Creek range. He seemed anxious to inform me of its origin, with- 
out any hint from myself, Kot being able to recall the name ot the tribe 
to which be would refer it, I ran 
over a list of several well-known 
Indian nations, including some 
which had previously roamed 
over this territory, t<^all of which 
he gave a negative answer, but, 
suddenly brightening, he ex- 
claimed Apdehe! Apache! Thia 
information cannot, of course, be 
Fig. 43.-Oiitlme and end sections of Apiiche implicitly relied Upon, but it is 
relic, of fireeniah gray quartzite, from near Dry here given only for what it m^y 
Fork, Wind River Valley. be worth. The spear-head rep- 

resented in Pig. 44 was found partially imbedded in tbe red sandy 
talus at tbe foot of a blufi' of the brick-red beds which are generally 
regarded as Triassic. It is made of gray quartzite, very fine-grained 
and compact, and shows some signs of weathering. Tbe under sur- 
face as it lay had become conspicuously reddened by contact with 
the soil, and this color is nowpermanently retained. Between this point 
and the Yellowstone basin no remains of this character were observed, 
though it is highly probable that sucb are not scarce, as there is evi- 
dence that this section has been tbe haunt of many Indians in the past 
as now. Mr. Creary obtained from the twelfth terrace at the Mammoth 
Hot Springs of Gardiner's River, a large spearhead of light-drab quartz- 
ite, nearly three by four inches. Beyond, in the region occupied by the 
igneous or eruptive rocks, a new material is provided in the masses of 
obsidian which occur in places as " volcanic glass." Fig, 45 represents 
a small specimen of arrow-head with the remains of a shaft, which was 

*■ For pronnnciatiou of ludiaa words, see vocabulary, Chapter XV, bejood- 
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picked up by one of tbe cavalry escort at otir camp on Pacific Greek, 
just below the Two-Ocean Pass. An unbroken arrowlieacl of pure chal- 




Fic. 44.— Outline of sp^a 
sic beds, beyond Camp a5, 
edony, of tbe form given in Pig. 46, lay -within a few inebes of the trail, 
half "way between Camps 53 aud 54, not far from Atlantic Creek. The 




Fig. 45.— Outline aiirl end aectiiina 
of an ubnidlan arrow-head. The iii- 
uer line oi the Be«tiou X is the basal 
cross -section of the shaft, or neck, of 
the implement. Locality, Camp 54, 
on Pacific Creek. 

material of which tbisiscompi 




L'lO. 4G.-0ntliue, with end sections, 
of an i^rroiv-head of pure chalcedony 
obtained on ttia trail between Camps 
53 and M, near Atlantic Creek, tribu- 
tary of Upper Yellowstone River. 

very abundant in regious of Tertiary 



exposnres,and tbe arrow-heatls are usually of extreme beauty, being much 
more perfect and symmetrical than one would suppose it possible to manu- 
facture from such a substance, while a sharp and jagged edge is secured 
which cannot fail of accomplishing its intended purpose, when skillfully 
used. No direct clew to the age of these relics was obtained, nor is it pos- 
sible to offer any well-founded opinion with respect to the tribes by 
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which they were employed. It may be said, however, that there is 
little reason for considering them iu any degree ancient, for they were all 
found lying upon the surface of the ground, and mostly showing scarcely 
any signs of weathering eftects. On the other hand, few, if any, are 
to be regarded as uet-y recent, for all were more or less firmly settled in 
the soil, and it cannot be positively asserted that they had not lain 
in their observed positions for a century or more. Few would be dis- 
posed to regard them, probably, as other than relics of the Xorth Ameri- 
can Indians, with the exception, perhaps, of such as were alluded to 
as occurring in parts of the southern portion of the Green- Eiver basin. 
No weapons of stone were observed in use by the Shoshones, although 
many of the boys were provided with bows and arrows, with sharpened 
iron or steel heads for the latter, of the pattern commonly adopted by 
the western tribes. Tliis consists merely of a thin blade of about the 
form and dimensions shown in the annexed cut, (Fig. 47,) sharpened 

along the entire edge, eseepC at the base. 

Occasional variations in the outline may 

be observed, and the size is somewhat 

variable also. 



-&TOXr. f^IKCLES, Ti: 



GLES, ETC 



Siiice our return from tbo field. Pro- 
fessor E. I>. Cope has presented a paper 
to the Philadelphia Academy of Science, 
ill which he describes several circles of 
stones observed by himself in the neigh- 
borhood of the Uintah Mountains. In 

form and size, as well as in their mode of 

"^' --* construction, these all appear to differ 
from those which fall to be described in 
this place, and indeed, no exactly similar 
works have been discovered elsewhere, 
so far as can be learned from the perusal 
of the writings of leading compilers and 
authorities. 

Strangely enough, the points origi- 
nally chosen as the termini of a " base- 
FiG. 47.-Tvpi.al sbapo of knife l'^^'" marked out by the topographical 
niTowhead now oceasiounlly em- corps while at Camp Brown, had also 
iiloyed by yoiiDg siiosboiies/CEast- been selectetl at a period long since past, 
^'"■^ by rnder men, as the locations of simple 

structures, probably connected with some form of religious cere- 
monies. The engraving (Fig. 4S) represents an oval inelosnre formed 
by the arrangement of flat stones upon the ground in such a man- 
ner as to leave an opening toward the east, or in the direction of 
the rising sun. The circlet is composed of nineteen irregular pieces of 
limestone, corresponding in character to some of the beds of a neighbor- 
ing cliff. It is situated upon a rounded bluff in a very commanding po- 
sition. All the stones were partly imbedded in the soil, and portions 
of two of them were overgrown with a thick tnft of moss. There was a 
jjerceptible depression or hollow near the middle of the inclosure, as if 
fire had been employed in the rites, but no traces of implements or re- 
mains of sacrifices were observed, all hough a careful search was made. 
The structure at the northwestern terminns of the base-line is much 
smaller, and reaily circular, with rather tliiclicr stones, obtained from 
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Fig, 48,— Sketch of a rude stone circle on a bluff on right bank of Little Wind 

River, south of Butte Springs, beiow Camp Brown. 

Dimensions, 3x6 feet, inside. 
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the butte upon the suinmit of which it is locate-d. The number of stones 
is nearly as great as in the former instance, but they are more closely 
crowded. Unfortunately the topographers' monument was built directly 
upon one side of this circle, two of the stones beyond being also taken 
to build the pile; hence the writer cannot state positively the number 
of pieces in the ring. The .opening, as before, is toward the east. The 
butte on which the circle rests is a prominent landmark, though soon 
shut out from view northward, and it offers a commanding position for 
such a structure. This hill lies less than a mile to the east of our trail, 
midway between Camps 19 aud 20, 

In both cases, rather noticeably, tlie rings are so placed that access 
to their level is quite difBcult from the west, while the eastward pros- 
pect from the flats below is shut off in such a manner as to allow of an 
earlier view of the rising sun from the more elevateil point. It may 
not he hazanlous to reganl these inclosures, with others to be men- 
tioned directly, as relics of a race or tribe of sun-worshippers, although 
we have now no data for assigning them to their proper period or peo- 
ple. They are certainly not very recent, aud the Shoshoues are nnable 
to acconnt for tiieni, except by referring them, as usual in cases of 
donbt, to the agency of the Great Spirit, or *' Tam Apa," 

On the left bank of Wind River, below Oamp 58, and a short distance 
altove the entrance of De Soir Creek, there are a number of irregular 
hillocks or small mound- shaped hills, which overlook a comparatively 
le-sel area, which offers an attractive spot for temporary camps, but 
which would scarcely be selectetl as a site for a more permanent abid- 
ing-place, Several of the hills are crowned with low piles of small 
stones, which furnish but little evidence ay to their signiflcanee, bat the 
arrangement observed on the sammit of one of them, perhaps the most 
conspicuous, deserves special consideration on account of its apparent 
relation to the circles before described. The positious of the three 
clusters of stones in this relic are indicated in Fig, 49, by the letters 
A, B, 0. It will be oh- ^g 

served that the base of ^ 

the triangle is open 
toward the east, and it 
hasoccurred to the writer o^ 
that these also may have 
constituted the hastily 
improvised temple of a 
tribe of sun -worshippers 
temporarily encamped in 
this vicinity. Even were 
the neighboring flats not 
wholly unsuitable for a ^ 

„ j: _ 1 1 _j I FlQ. 49. — Ancient inonuments, Wiuil River Valiev, 

more favorable and ele- ^^^^ moutii of De Noii- Creek, A, B, C. Heaps OL- 
vated situations for the ciastera of Bmall bowlilers, DiBtnnces estimated: A, B, 
construction of circles are 30 f«et ; B, C, 50 feet ; C, A, 50 feet. 
not wanting at a little distance. The corner heaps are not large, con- 
sisting of from two to fonr rough bowlders of small size, merely thrown 
together. Whether the single clusters of the same nature upon the 
surrounding hillocks arc identical in origin it is not easy to determine, 
but it may be remarked that all are easterly from the locality in which 
the favorable camping-spots occur. 

The author is unwilling to jiress too closely the theory that these 
circles and triangles have been used in the worship of the sun, although 
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it may he difBcult to account for their locations and the position of 
their openings on any other supposition. Again, although there is 
every reason to believe that the origin of these relics is not of recent 
date, it must be confessed that much too little is known of the historical 
ethuogra.i>hy of the West, and there is danger of giving undue credit to 
matters of little importance in themselves. 

Sir John Lubbock,* in speaking of the cromleelis, or circles of upright 
stones, found in several parts of the world, suggests that the number 
in each circle may have had some significance, and he credits Dr. 
Thnrnam with the statement that "four circles at Boscawen and adja- 
cent places in Cornwall have each been formed of nineteen stones." It 
is a coincidence not necessarily anything but accidental to find the 
same number in the oval inclosurt! (Fig. 48,) though the ring wonid have 
been as complete with less. 

(7.— MONUMENTS, GRA\T!S, ETC. 

Pillars or columns made of small, flat stones several feet in height, 
arecommon alongthewagon-roads which traversethe Green liiver Basin. 
but these are known in many cases as land-marks established by the 
early Mormons who marked out the course to be pursued by the coii- 
verta who were to follow them across the plains ou their way to the 
Salt Lake Valley. Not a few of those mouiiments have, perhaps, also 
been built by .members of the various topographical parties which have 
" triangulated" over this area since the date of the first exploration of 
the region, and a goodly number were added in 1873, by our own 
corps of surveyors. Sone of these structures were observed along our 
route which furnished any indication of a different origin, until we 
had passed beyoud the Owl (Jreek Mountains, and penetrated the rugged 
area lyijig between Owl Creek aud Gray Bull River. At a point where 
the trained through a peculiar gap in a complicated series of bluffy 
hills, about three miles before reaching Camp 27, there was a consider- 
able mound of loose fragments of w;hite and red sandstone obtained 
(Xuite near. There could be no doubt that these stones were placed in 
their present position by human agency, and it seems proper to regard 
them as the resting-place of the dead. This opinion is strengthened 
by the location of the mound, which is in a sheltered nook among the 
hills, in a spot where no land-mark would be visible even at a distance 
of several rods only. Jt should be stated, however, that the trail here 
made a sudden turn over a liill, and the heap may have been employed 
as a guide for Indian travelers. 

Other monuments were observed in different localities, many of ^vhieh 
may readily be dismissed from consideration by regarding them as mere 
coverts for hunters lying in wait for deer and other game, but there 
are some which will scarcely admit of so simple an explanation. Such 
are those which have been erected in such situations that they could 
never serve as land-marks for travelers or t0[)ographer8, nor yet as 
means of concealment from animals. In the absence of any evii.leiiC6 of 
their real significance, however, these must be passed with a mere 
allusion to their occasional occurrence, without an attonipt to account 
for them in any way. 

It is matter of some surprise that so few Indian graves were noticed 

during the trip, when we consider the number of burials wh ch must 

have taken place over the area discussed. The best example of an 

undoubted sepulchre was seen near the trail, two miles beyond Camp 

'"Pve-historic Times," 3(i edilioD, Lontloii, 1873, \: 113, 
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32, oil tbe left bank of Xortli Fork of Stinting "Water lliver. This 
consisted of a low mound of loose stones lyiog nearly east and west, 
with an irregular and broader heap esteading a few feet northward 
from the eastern end. Our Shoshone scont, Nakok, stated that this 
was the burial-place of a Blackfoot (?) warrior. The stones were small and 
somewhat broken, having been taken from a collection of washed frag- 
ments of limestone spread out over the bed of a ilond-stream, which 
■was dry when we passed. Digging down the length of my arm, the 
stones were found gradually becoming smaller below, and mixed with 
loose earth, but no human remains nor trinkets were discovered. From 
the appearance of the adjoining heap, a horse may have been buried 
near the foot, apparently at a right angle to the -warrior's body. 

The position of the Indian's body, lying nearly in an east and west 
direction, may be not wholly accidental. G-. Oatlin,* speaking of the 
burial customs among the Mandans, after describing the construction 
of the scaffold, remarks, " The body is laid * * "on its back, 
TVith its feet carefully presented toward the rising sun." The smaller 
mound in this case, as before stated, had what appeared to be the foot 
toward the east. 

Human skeleton. — While at Camp 28, on Gooseberry Creek, (Shoshone 
Plat«au,) Burt, one of the cavalry escort, brought in the skull of a white 
man, which he had fonnd on a hill-side near one of the lookout stations. 
He reported that ho found lying with it, at the surface, the prominent 
bones of the skeleton and laid them together In a secluded spot. Wo 
were unable to find these by careful search on the following day ; but 
a story is current among the Indians of the killing of a white man near 
this locality not many years since, one of three, it is said, who had 
been driven into the ravines, the others having escaped. 

e. — HIEUOGLYPHIC ROCK-IN SCRIPT IONS. 

In the Smithsonian Report, 1872, (page 409 et seq.,) Mr. J. G. Bruff 
gives two views of Indian rock-carvings from the upper portion of the 
Green River Valley, at some distance northwest of our line of march. 
These are much more perfect in construction, as well as more true to 
nature, than any which were observetl by us. In fact, none were 
noticed along our course until we had reached the Little Popo-Agie 
River, in the Wind River country ; and all that were seen by onr party 
occnrretl within the limits of the Wind River Plat«au. 

On the left bank of the Little Popo-Agie, just across the road from 
Fletcher's ranch, above Murphy's, there is a small cavern in light, buft' 
sandstone, which might shelter from three to five men. The mouth of 
this is well barricaded by a low, curved wall of large, flat stones, placed 
on edge so as to afford almost complete protection in case of an attack, 
provided that the besieged were well armed. Inside, on a kind of ledge, 
a few twigs and leaves were seen, leading to the conclusion that the 
retreat may have been used as a place of incantation by some Indian 
medicineman. On the face of the cliff, above the entrance and a little 
to the left, are three hieroglyphic flguie? mere laubsof Hack paint, 
two being long, thin, characteristic repr sentit o s of horses and the 
third resembling a tapiroid animal w tho t i i ol os s which was 
probably intended to represent a mule. 

Upon a neariy vertical wall of tbe yell w san 1 tones ]n 1 1 ick of Mur- 
phy's ranch, at Camp 16, a number of a le hgures hi I I ee chiseled, 

• " North American Indians," Vol. i, p. 69. 
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apparently at a perioci not very recent, as they liad become much worJi. 
The greater number of these are shown about one-fifth of their size, in 




Fig. 30. — Hieroglyphic inscriptions on a cliff of jellowisli samlstoiieB liiiek of Miir- 
pby's rancb, at Camp 16, on Little Popo-Agie Kiver. (X i alwut.) 

Fig. 50. Ko certain clew to the connected meaning of this record was 
obtained, althongli Pinatsi attempted to explain it when the sketch was 
shown to him some days later by Mr. P. W. 
Bond, who copied the inscriptions from the 
rocks. The figure on the left, in the upper 
row, somewhat resembles the design coin- 
^moiily used to represent a shield, with the 
greater part of the ornamental fringe omit- 
tisd, perhaps worn away in the inscription. 
We shall possibly be justified in regarding 
the whole as an attempt to record the par- 
ticulars of a fight or battle which onco oc- 
curred in this neighborhood. Pinatsi's re- 
marks conveyed the idea to Mr, Bond that 
he understood the figure marked b m the 
cut to signify cavalry, and the sis figures 
marked e, to mean infantry, but be did not 
appear to recognize the hieroglyphs as the 
I copy of any record with which he was famil- 
Trent Creek, near crossiug of iar. On the Side trip to Ohimney Kocks, in 
■woodmen's roatl from Camp the nucleus of the Wind Eiver Mountains, 
Brown to Wind Kiver Monot- i^q chapter I,} an interesting hieroglyphic 
ainB. {Aboat one-fifth 8ize.) ^erieswasdiscovered carved lu a Wall of Hght- 
buff sandstones overlying the biickred Triassic beds. The well-traveled 
woodmen's road from Camp Brown, passes close under this bluff just after 
crossing Tront Creek, The figure in the cat (Pig, 51) was copied in the 
afternoon when returning from the mountains. About noon of the fol- 
lowing day, an attempt was made to obtain copies of all the others, which 
are numerous and of several forms, bat the light upon them at this hour 
was so unsatisfactory that only a few of the most prominent flgnres 
could be sketched, and these are included iu the group in Fig. 52. The 
story hei'e marked out is more complete, or, perhaps, extends over a 
greater period than in the Little Popo-Agie record, for the cliffs have 
very many rude designs cut upon them, a large nnmber of which have 
now become so indistinct that it is impossible to trace them accurately. 
Those which are illustrated in the accompanying cuts have been copied 
as they appear, but it is not certain that they correctly represent the origi- 
nal delineations. The figures are all quite large and the lines are broad 
and coarse, as if made in haste by some blunt instrument. The rock is 
very soft and weathers rapidly, being of such a color that the finer mark- 
ings are only brought out by the direct light of the sun in the afternoon. 
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No iDf'ormation was obtained -n-liieli eau aid in solviiigtlie problem of the 





r siguiflcaQce of the picture- writing, as a wliole, though the special 
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meaning of certain designs may be inferred from their form, as in tbe 
case of the many represented in Fig. 50. 

Tlie only remaining instance of rock- sculpturing observed over our 
route was a set of rougU etchings in the iipper portion of the valley of 
Wind Eiver, on the left bank, in the face of a elifl' of soft buflf-eolored 
sandstones, near ttie month of a creek which enters Wind Kiver a short 
distance below Camp S9. These are given in Fig. 53. so far as they 
could be made outj no signs of others being visible. Pf oatsi was shown 
the copy of these in my note-book, and he remarked that they were in- 
tended to record the particnlars of a fight between the Cheyennes and 
Shoshoues some yeai's since, in which (of coarse) the latter were victo- 
rious. As uearly as could he gathered from his efforts at description, he 
stated that the upper figure on the right represents a shield, and a 




similar design is rather commonly noticed in many of the engravings of 
hieroglyphs in the works of authorities on tlie customs of North Amer- 
ican Indians. It would be unwise aud futile to attempt any close gen- 
eralizations upon this scanty material, and it is very unsafe to base any 
conclusions wholly upon the uncertain testimony of the Indians alone, 
bat there are several points of interest which require at least a passing 
allusion. It seems a little remarkable that all of these carvings should 
occur in the Wind River Valley, and, especially, that all should have 
been recorded upon light-buff sandstones, which are all so soft that the 
designs are even now greatly obliterated. The general rudeness of 
workmanship and a certain similarity of construction, as well as the 
comparative amount of weathering, all point toward a common origin ; 
and the occurrence of the shield in two or three instances would seem 
to indicate that the work was done at a period prior to the general in- 
troduction of fire-arms. There are, however, a few designs which were 
probably intended to represent guns, from which it may be i nferred that 
their use was also known at the time. We are, therefore, in the absence 
of other evidence, brought to the conclusion that these relics are of 
modern date, though pointing backward to an epoch of more primitive 
Indian culture than the present. The author is strongly of the opiuion 
that they were not made by the Shoshones, for reasons which cannot 
now be detailed. At the same time the story of PInatsi, concerning the 
fight with the Cheyennes, was. related in a manner which entitles it to 
some consideration at least. 
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n.— MANNERS AND CUSTOMS OF WASHAKIE'S BA^'1) OF 
EASTEKN SHOSHOXES. 

Ooe of the most import^ut, iiud now among the most widely-scattered 
groups of Indians iniiabiting the territory of the United Stites west of 
the Mississippi, comprises a large number of hostile, semi-hostile, and 
friendly bauds, extending in patches linm Oregon to Texas and from 
the Missouri River to the Pacific Ocean. In tiie lingual classification 
of theUorth American Indians adopted by Sclioolcraft, his fifth division, 
or " Slioshonee gronp, comprises the Comanches, Slioshones, Snakes, 
Bonacks, and other tribes of the Rocky Mountains, the higher lied 
River, and the bill country of Texas.''* 

Numerous causes, among which may be mentioned the governmental 
jtolicy of separating and intermingling the various tribes, have rendered 
this detinition obsolete, and it would now be a difflenlt task to collect 
the statistics necessary for the enumeration of the numerous bands 
which properly belong to this group. The names Snake and Shoshone 
are interchangeable, and there are given in the report of the Secretary 
of the Interior for 1873 not less than thirty-one distinct bands which are 
affiliated by their language, comprisiug in all, (male and female,} only 
21,000 individuals. In many cases, where several bands are living upon 
the same reservation, tbey have been reported as one, hence the actual 
number of sects is much greater, no donbt. Even in the district trav- 
ersed by ourselves, we were frequently called upon in conversation to 
make distinctions between such companies as Washakie's baud, or 
Eastern Shoshones, and Bannocks, Sbeep-Eaters, &c., which were sup- 
posed to be roving about. We were, however, thrown in contact prin- 
cipally with the inhabitants of the Eastern Shoshone Agency, at Camp 
Brown, although some glimpses of Utes, from the Uintah Valley Agency, 
Utah, wereobtained at Fort Bridger and in its vicinity. Fifteen Shoshone 
scouts were enlisted for the expedition at Gamp Brown, who accom- 
panied us during the remainder of the trip, taking with them their fam- 
ilies and all their possessions, including a large number of horses. We 
also passed two days in the neighfciorhood of Washakie's camp, sontli 
of the Stinking Water River, whither he had preceded us with the 
greater part of his band, for the purpose of hunting buffalo upon the 
plains. At odd moments upon the march, and when unemployed in 
camp, the following notes upon the habits, customs, and dialect of these 
Indians were gathered, and it has beau thought that their paucity 
should not exclude them from publication, \vhen the value of every fact 
bearing upon these subjects is considered. The opportunities tor such 
observations are fa«t passing away, and the time will come when even 
little scraps of this nature will possess a much greater interest than at 
present. 

a. — General character and domestic relatione. 

The iutelligence and susceptibility of cultivation shown by this peo- 
ple is quite generally remarked by those who have had occasion to 
observe them, and Washakie's band is, perhaps, especially noted for 
the possession of these traits. This is doubtless owing in large measure 
to the powerful influence of the chief himseltj and partly to their subju- 
gation by the whites several years ago, which has made them realize 
their comparative weakness; but the Shoshones have held an enviable 
iftlio United states," vo!. i, p. 197. 
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reputation, with some few exceptions, since tlie date of the early exptori;- 
tions, notwithstanding the warlike proi>ensi ties of the allied Ooraauelies, 
and the degradatioa of many of the related Pa- Utes. Catliu writes: 
"Of tlie SUosb ones and Shosoliies (Boot-Diggers, Yampa-tiekaras, [or 
Pa-Utesf T. B. C.]) all travelers who have spol^en of them give them a 
good pharacter, as a kind and hospitable and harmless people,"* and he 
cites in proof Iter. Mr. Parker, (" Tour across the Eockj' Monntaius,") 
Lewis and Clarke, and Captain Bonneville. "In their domestic rela- 
tions," as Dr. Carter ohserves, " there are olten cases of teu<ler affectiou, 
and 1 firmly believe them as devoted to each other in ail that is practi- 
cal as are more enlightened nations." The Army oifteei-s accompanying 
onr expedition, most of whom were familiar with the habits and customs 
of other tribes in the West, often expressed great surprise at the nu- 
merous exhibitions of paternal and conjugal love which were openly dis- 
played withont embarrassment or apparent sense of condescension. 
While, as is usual among Indians, the squaws belonging to our scouting 
party were given the charge of domestic affairs, including the packing 
of luggage and the driving of the animals on the march, young children, 
especially the boys, were quite commonlycarried long distances in their 
fathers' arms, or in front of them on the saddle, and it was very common 
to see one or more of the braves strolling about in onr camps with their 
sons tenderly clasped in their arms. Yery often, when rough shelters 
of boughs were made, the material was cut and brought to the spot by 
the men, and many little acts of kindness of a similar nature were fre- 
quently noticed. Cheerfulness and gayety, approaching even to witti- 
ness, are prominent traits of the Shoshone character. An amusing 
instance occurred on the return-trip shortly before reaching Camp 
Brown which is worth I'elating as an iJlnstration of the keen sense of 
humor often manifested among them. Pinatsi, who was so frequently 
an attendant of the writer as to earn the appellation of his "man Fri- 
day," was riding quietly by my side, when 1 verj- soberly asked him, by 
way of a jest, "Pinatsi, aren't you an arrant humbug?" AVithout 
apprehending the question, as he understood English but little, he 
immediately replied, "Yes, Gum-stock," (his pronunciation of Corn- 
stock.) The derisive shouts of those of onr party who were near con- 
vinced him of his blunder, when he almost instantly retaliated by put- 
ting to me a question in Shoshone, which I answered as unwittingly, 
bringing down storms of good-natured laughter from his little party 
upon my owu devoted head. 

The affections are developed early. One of the little girls of our party 
carried about with her almost constantly a diminutive '* papoose'' case, 
coutainiug a doll with a china head, bestowing much care and attention 
upon il. 

b. — Traditions, legends, and beliefs. 

It is always ditficult to obtain accurate information regarding the tra- 
ditions of Indian tribes, and it is somewhat remarkable that this 
method of preserving history is believed to be almost unemployed 
among the various divisions of the great Shoshonee Group. This fact, 
no doubt, has an important bearing upon their capacity tor civilization, 
and their willingness to adopt the manners of the whites with whom 
they may be associated. Concerning the Comanehes, Mr, David G. 
Burnet remarks that they " have a loose tradition that they came from 

* G. CaOiu, "Nocth Aumican Indians," 18^5, vul. ii, |>. 113. 
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the north."* Jesae ("hisholm, a Cherokee, who had lived among them, 
stated thiifhis intercourse with the Coraanches liad impresswl him 
with ft high opinion of their intellect. * * » They liLive an un- 
wavering confidence in the Good Spirit."f Robert 8. Neighbors writes : 

" The Comanchea believe they have always lived near the same coun- 
try they now occupy, and they know of but one migration of their tribes, 
many years ago, when they traveled from the west and met with what 
they termed 'Mountain Spaniards' in the mountains of ifew Mexico. 
They lived with them mauy years aud intermarried with each other. 
The first chief they recollect was Ish-shee-ehli, (Wolf House,) a great 
and wise chief. They then lived in Mexico. From thence they visited 
the prauies for hunting and intermarried with the Wacoa, Tah-waccar- 
ros, Torinash, and branches of the Pawnee tribes. * * • When 
they came from the west there were no people living in Texas. • • 
• • The flvst whites they saw were west of the Kii> Grande del 
Korte.-'l He alao states that they are ''superstitions and woiwiiip the 
Great Spirit, aud the sun, moon, aud earth." Their " shields arc mad© 
in imitation of the sun, and before going to war they are stuck upon 
their lances, facing the rising sun, aud no person is permitted to handle 
or touch tliem except their owners." 

Adam .Johnston § says of the Bonaks, (Bannocks,) or Root-Dig- 
gers: H "111 all uiy researches amougthelndians of thiscountry, I liave not 
found a singlertlicto maik the past. • » • Xhey seem to have 
lived in this simple style for ngea past, depending on the tiatunil pro- 
ducts of the earth for subsistence, and without a single mciins of record- 
ing tliought or action — without idols, sacrifices, prayers, or priests." 

In the main these statements coincide so nearly with the results of 
jiersonal observations among the Eastern Shoshones, as to warrant the 
supposition that these scattered tribes are nearly related, even without 
the conflrnmtion afforded by similarity of language. Dr. J. Van A. 
Carter writes me from Fort Bridger as follows: "I have often searched 
■for legends and the like, but without finding any which I regarded as 
reliably Indian. There was always something to snggestunbelief ia the 
legend or tradition being purely their own — something to stiniip it as 
originally from the fertile brain of some poet or novelist, which had 
gotten to the Indians by legend-hunters leaving with them what they 
couldn't honestly find among them. As far as I can see, there is no 
poetry among them." 

Legend of the Gray Bull, — The only legend which we were able to 
secure, is one which is current in the neighborhood of Camp Ih-jwu. It 
was first obtained from officers at the post, and afterward fiocSj' related 
by intelligent Indians without material alteration, hut it could not be 
certainly ascertained whether it at first came from the imagination of 
white men or ludiaus. Some four miles or less above CampH :.'i and 'J2, 
a stream known as Bull Lake Fork enters Wiiid River fro:ii the riglit 
bank. This stream passes down from the moautains through a contin- 
uous canon, without a side channel for several miles. Soon after pass- 

■ lu Solioiilcraft'H, " History, &e., of Indiim Tribes," vol. i, p. 2^9, 

fPiiuitic K. K, Koporte," vol. iii, part III, p. 35. 

i H. R. ScIioolcrafC, op. cit, vol. ii, p. 12Q. 

} Suhooloraft, oj). cit., vol. Jv, p. 226. 

II The term Boot-Diggei-s, originally applied to a tribe called SbosUokics, liviiiK just 
■west of tbe Rooky Monntains, in the present Territory of Idallo, has ln'couie very 
jnUefluite. and it la nseil indiBodniinately to dcsi^^iitu thu poorur ulasHes cit' several 
tribes of tltos and SUuabones, wlio wander on foot, and iire utti.>n conipi'llud to anbsi.'^t 
upon roots, Tin-ir more fortunate brethren call them Yauipa-Ticloira, (literiilly, lioot- 
Eateru.) 

n. Ex. 285 18 
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iiig tbrough the skirting ridge of Carboniferoiia limestone, it beeoiiies 
swollen into a beantiful sbeet of water ealfed Bull Lake, or sometimes 
Gray Bull Lake. Passing along tlie bottom of tlie gorge, one bears a 
low, roaring sonnd, not unpleasant, caused b,v the echo from the rush- 
ing wnter, which passes over a series of low cascades near the outlet of 
the lake. The northern shore of the lake is walled in by a precipitous 
and rocky bluff, clothed with a thickly scattered growth of Hcrawliug 
cedar bushes. The legend bits it that an old Indian, at midnight, in 
hot pursuit of a gray bull buffalo, flually drives him down the steep 
into the wafer, where the hunter also follows him, aud bull, rider, and 
horse al! disappear together. The roariugs are supposed to be the dying 
groans of the vauquished buffalo. 

This lake and stream have no connection with the Gray Bull Eiver 
beyond the Owl Creek Mountains, aud it is not impossible that there is 
some slight confusion in the Jndiau geography, provided the legend be 
legitimate. 

The Sboshooes appear to believe iu the Great Spirit, (Tarn Apa=r/«tM 
(.!) ^<if7ier,) and to have faith in what may, ijerhaps, be appropriately styled 
a rude spiritual philosophy, though the almost entire absence of tradi- 
tions and legends seems to place them in a pecaliarly receptive condition 
with respect to modiflcations of belief from tiuie to time. A single 
illustration of each proposition will su£Gce to show this more clearly. 
The dead are usually buried in such a manner as to allow of the return 
of the spirits to visit their friends, as they say ; i. e., by covering their 
bodies loosely with small stones. It is rei>orted that their " Medicine- 
Man" once told them that the barking of dogs bj night would drive 
away the spirits of the departed, wbereuixm these animals were excluded 
from the camp. This is remarkable indeed, for, as Catlin remarks, dogs 
" seem to be so near an Indian's heart, as almost to constitute a material 
link of his existence."* Dogs are again coming into use with them, 
however, and they now have about half a dozen iu the whole band, of 
which njcntion is made beyond. These Indians seem very superstitious 
and are much given to the use of charms and various forms of " Medicine," 
as it is termed. 

<;. — Emotional expression. 

Advantage was taken of the presence of oar scouts and their families to 
observe somewhat closely the character of the men, with their unconscious 
modes of expression of emotions called out by varyingcircumstances. It 
will be understood that the notes under this head are the resultsof studies 
of individuals selected for their peculiar fitness for the duties imposed 
upon them, for which reason we can scarcely regard them as representa- 
tives of the average of the tribe to which they belong, but rather above 
the medinm standard. 

I frequently noticed the children crying and shedding copious tears, 
with expressions similar to those of white children in like cases. Laugh- 
ter was very common, both among young and old, its only peculiarities 
being the very numerous and ti-illing exciting causes, and its grunting, 
or guttnral, and explosive nature. The voices of the men and women 
are more nearly alike in pitch than is often found among civilized races-f 
I never saw anything approaching a kiss, though our Indians were quite 
affectionate compared with other tribes; nor did I notice the habit of 
shrugging the shoulders, said to be prevalent with some iudians. 
Whistling, also, was unobserved. Pouting, with great protrusion of 
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the lips, is common with the children when crying or sulky. I have 
also noticed among the children, particularly with two above fifteen 
years of age, a look of sullen obstinacy when noticed or patrouized by 
the whites, which is quite different from the usual smiling greeting of 
tlie men and women. Can it be that this is an inherited ti'ait! The 
Shoshones were more or less hostile a few years since, and it may be 
remarked that this expression was mncli less comraou on the laces of 
the youngest children. " Knitting of the bi-ows," or frowning, was re- 
peatedly obsen'ed when an Indian was puzzled, accompanied by a rapid 
winking of the eyelids, when confused or embarrassed. This incessant 
winking conveyed to methe idea of emban'assment more than anything 
else. The expression was not noticed to a great degree, except in the 
cases of those who were markedly particular in the observance of habits 
of order and neatness, and other approaches to the refinements of civil- 
ization. Such actions would have a tendency to develop a feeling of 
self- consciousness, which is one great cause of embarrassment. This 
feeling wonld probably be more intense in the ease of a partially civil- 
ized tribe like the Shoahones, for the Indian would have a strong con- 
sciousness of being observed, not only by the whites, but also by the 
members of his own band. Washakie, whose endeavors to introduce 
the benefits of civilization among his followers entitle him to rank as a 
real reformer, is a great winker at times. Pinatsi came to my tent 
while in Camp 31, to reconnoiter. I wrote my name upon a slip of pa- 
per, which he took and examined very intently with knitted brow and a 
conl'used expression, in which the emotions of doubt, wonder, envy, and 
perplexity seemed to be but imperfectly conquered by the (to the In- 
dian) stronger emotions of pride and conceit. This peculiar complex ex- 
pression was often exhibited by the features of this person, more or less 
modified by the circumstances. When strongly manifested, it gave to his 
countenance a remarkably perplexed appearance, and, to a certain de- 
gree, it betrayed the comparative weakness of Lis intellect. The same 
expression, similarly induced, was observed upon the faces of other In- 
dians, and the variations produced by the ])revailing trait-s of their char- 
acters were quite striking. In the case of John Le Claire, (French half- 
breed,) one of the most intelligent of onr guides, the prevailing emotion 
was rather that of disgust or pity, or occasionally even of contempt or 
conceit. With Luisant, (another French half-breed, very intelligent,) 
who was affectionate an<l fond of praise, but very proud at times, this 
expression was commonly a queer mixture of humility and fear, with a 
faint lurking sign of suspicion, '£6'gdte, (Mountain Shoshone, or 
" Sheep-eater "band,) who was rather looked down upon by his com- 
panions, on such occasions usually appeared considerably annoyed, but 
careless, its if habitually accustomed to difficulties, but yet conscious 
that he was then of much importance on account of his superior knowl- 
edge of the country through which he was guiding us. Na-k<>k, (half- 
breed,) when thus excited, assumed an air as of conscious superiority, 
mingled with condesceusiou. 

d. — Bovernment. social customs, regulations, ete. 

The political economy of this people is comparatively simple, but ap- 
parently very efl'ective in a band which numbers barely three hundred 
warriors. The office of chief is elective, and the popular vote is almost 
invariably in the favor of the most capable man. Petty chiefs, usually 
men of some special ability, are not uncommon. NA-kOk at one time 
possessed much influence, which was much lessened by a serious defeat 
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ill ii fight witli tlie wliites on Bear River, several .years ago, from wliicU 
Le escaped witii the Ices of au e.TO. John Le Claire had iv bi-ighMooIt- 
ing boy, of whom Le was very fond, who was frequently mentioned by 
others of our scouting- party as a prospective candidate for the liigliest 
office. "Washakie's inflnenee is very great indeed, which is not matter 
of suiiJrise, for his physiognomy indicates an intellect of no mean order. 
He has steadily favored the civilization of his tribe as far as possible, 
ami lives himself in a neat log house when at Camp Brown. He told 
Captain Jones that he was dissatisfied witli a roving lift, and he has 
since determined to give up the chase as a means of subsistence. It is 
proper to give to Dr. James Jrwiii, the esteemed agent at this agency, 
the credit which is nndonbtedly due him for a very large share of the 
improvement whieli has taken place of late years in the condition and 
prospects of these Indians. 

Polygamy is not forbidden, but it cnunot be very common so lonff as 
the proportion of the sexes is so evenly adjusted. Of l,02i individuals 
reported by Dr. Irwin in 1S73, 489 were given as males, with only 635 
females. Bigamy is practiced to some extent, but monogamy is the gen- 
eral rule, perhaps more from necessity than from choice. Adulterj', as 
in other tribes of the Shoshonee group, is punished by cutting off the 
nose of the guilty female. Young children are carried in cases formed 
by stretching a skin or cloth over a straight board so as to form a kind 
of poi ket, but no compression of the head is attempted. The case or 
cradle containing the "papoose "is sluug over the mother's back or 
attached to the front of the saddle so as to hang down by the shoulder 
of the horse. Persons who are too ill to ride on horseback are carried 
in litters formed of two poles, with skins stretched across between 
them. These are used iu two ways, either by attaching a horse at each 
end between the poles, or by placing one horse in front, allowing the 
other end to drag on the ground. The latter form, called a " wetedila," 
was used by K"^kCk for several days after leaving Camp Brown, tlins 
providing him with a reclining seat or bed. 

The dead are usually buried in shallow graves and covered with a low 
mound of loose stones. 

While in the neighborhood of Washakie's hunting-camp we were in- 
formed that there would be a grand " buJfalo dance" about the close of 
the hunting-season, in which both braves and squaws would take part, 
some going without water for four days. Luisaut seemed anxious that 
we should witness the perfotiuance, and after our return to Camp Brown 
we received special invitations for a specified night, but were several 
times put offon tlie plea that Washakie was unwell and cx>uld not bear 
the noise, from which it was concluded that the Indians were unwilling 
to conduct the exercise in our presence. 

"When a few of our Indians returned from a \Tsit they had made to 
the Crow Agency in Montana, while off with the train which went iu to 
Fort EVis fur provisions, they brought a recently captured Sioux scalp 
given them by the Crows. This was "disgraced" at our camp on the 
southwest arm of Yellowstone Lake, by elevating it on a pole, and dan- 
cing and yelling around it. Jlidiculous as was the performance, there 
was a wild kind of excitement about it which impelled the greater por- 
tion of our whole party to join in it with a zest which greatly pleased 
the ludians. 

The general absence of dogs from Washakie's band has already been 
remarked and explained. The superstition which caused their exclu- 
sion seems to be gradually leaving them by assoiiiatinn with the whites, 
as they now have several small curs whiuh bark shrilly and fiercely ou 
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the slightest provocation. The allied Utes and Comanehes have nii- 
meroasdogs. In a band of about a dozen TTtes (including women and 
ehiklreu) Dear the Uintah Moantains, I saw at lenst sis or eight large, 
wolflsh dogs, while our party of more than forty Shoshones had only a 
single auimal, which if not 'actually a young coyote, was but a single 
remove from it. Thia creature barked, imperfectly, much like those we 
met in Wasliakie's camp. The women of the sconting party were sev- 
eral times observed eating with the men, Tlie Utes referred to above 
were partaking of their noon-day meal when we came upon them, and 
the men were eating with great gusto, white the women stood idly by 
or served them when required, 

Tliere was a contrast between the appearance of the Sliosliones and 
that of the Utes we saw about fort Eridger, which was quite favorable 
to the former. The men among the Utes were of good size and robust, 
but of low type. Their heads were large and broad across the face, the 
nose very large and flattened. The women were quite small in com- 
parison. Their habits were in many respects even disgusting. As a 
rule they were admirable horaenien, but wore most awkward and un- 
gainly on foot. The women were roughly treated. One young buck, 
more attractive than the average, brought a good-looking squaw to the 
store to trade, evidently for the first time. When he departed, he rode 
off suddenly at a fast trot, his clumsy wife running behind clinging to 
his horse's "tail. The Shoshone women appear happier and they have 
certainly much more interesting faces than those of the Ute squaws we 
met at Fort Eridger, 

e, — Songs and Singing. 

Singing, if such it may be termed, was of frequent occurrence in the 
camps of our scouts at night, and occasionally one or more of their 
number kept up a monotonous series of Jerking drawls during the greater 
part of the day's march. The most of this was found to arise from a 
faith in its curative properties, or, in other words, snch singing was 
.usually considered "great medicine." During NAkok's illness a "medi- 
cine song" was sung by both braves and squaws almost every night; 
and we were unable to deny that he steadily improved each day there- 
after, all of which was, by the Indians, attributed to the virtues of the 
music. Thraugh the kindness of Dr. Heizman, this song and a melody 
sung by the squaws alone have been furnished from his notes, and both 
are here introduced with his explanations appended. (See Figa. 5± 
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au(l 55.) So far as could be ascertained, no words are used witli any of 
their songs, most of them being sung by the contioued repetition of a 
nasal sound, very near the diphthong oi when prouonnced throngh the 
nose. Tbe men, when singing, or more properly j/nmh'nj/ alone, often 
run into a falsetto pit«b. The only suspicion of the existence of any- 
tliing like irorded songs or ditties came from observations of the man- 
ners of two light-hearted yonng squaws, (the wives of NdkOk and 
Pinatsi,) while on the march. Occasionally as they passed me with 
some coquettish remark, or comical imitation of English words, which 
they had heard used by ns, I fancied that 1 detected also the fragment 
of some merrj' ditty, but it was impossible to settle the question. 

ADAGIO. (StiXiawa oloHO lii iiuisoH.) 
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Fig. 55. — SLosbone melo<lyi (arraDgeil by Dr. Clias. L. Heizman, asaiataiit siivgcon 
Uuited States Army.) 

/. — Medicine, ornament, etc. 

Among the charms and talismans observed in use, several which at- 
tracted special attention are given below in the form of simple notes, 
without attempt at explanation. 

An Indian, (Paka-li6-v'itt) almost blind from syphilis, carried a "med- 
icine stick " consisting of a slender black- rod, three feet in length, with 
a small rosette of cut feathers at each end, and a large entire feather 
hanging loosely from the upper end. Another Indian led a white horse 
with galled withers, which had its mane and tail stained orange-yellow, 
and a large feather was tied in the long hair of the tail. Pinatsi one 
day hnd a similar feather fastened in tbe mane of his horse and hang- 
ing across its forehead. Singularly enough, all these feathers were 
black below the middle, with the outer or upper half white, and they 
were always inverted when in nse. 

Paint was commonly nsed for adornment with entire disregard of all 
principles of refined taste. The material employed was usually an ocher- 
ons ore, and much of the earthy hematite from the Gi-eeu Spring 
locality on Pelican Creek was collected and used for this purpose. The 
green, slimy cryptogamic vegetation from the same spot was also 
daubed in stripes and patches on the horses in some instances. The In- 
dian mentioned above who led the horse with the sore withers, had 
about ten large rings of brass wire arranged in the fleshy margin of each 
ear, the largest some eight inches in diameter, at the bottom, the circles 
gradually diminishing in circumference to the top of the ear, the smallest 
being not more than two or three inches in diameter. The women gen- 
erally were tond of display. SftkOk's sqnaw seemed supremely happy 
when gaily dressed in red flannel, riding a noble gray st«ed, the favorite 
war-horse of her spouse, with the saddle girt about with a jinglingfringe 
of bits of steel or nails. The decoration resvched its climax on the day 
of their return to Gamp Brown, when all rode merrily in to the post, 
decked in eveiy available fragment of colored garment, with paint and 
head-dresses of most wonderful arrangement and oombinatlou. ifakOk's 
favorite head-gear was an old hat from which the top of the crown had 
been removed, with the upper edge cut in scollops. It is customary 
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for tlie men to ride with tlie " breeeli-clout," i. e., a loose cloth which 
corers the battoelss when walking, but which allows the bare surface to 
come in contact with the saddle when riding. Frequently, when given 
a pair of ordinary pants, the buck cuts ont the " seat " on this account, 
but our scouts, being dressed in the Army uniform, wore their breeches 
entire during their stay with us. 



C H A P T E li XV. 

PHILOLOGICAL NOTES ON THE EASTEEIN SHOSHONE DIALECT. 

General rcraarks on pronunciation— Phouio elements of Sboshoiie dialect, with tables — 
Coiiipaiative vocabiiiary of two linudced words, witli etjiuoliigy — liiief outline of 
ShosUoue (5'i'"""'*'^ — Componnfl >yords— Numerals — Inflectiou ot nouns, verbs, etc. — 
Illustrative sentences. 

There are two not simple obstacles to be overcome in the collection o 
Indian ^oeabnlaries and in the study of the structnre of their spoken 
language. The first difficulty arises from the irregularities of pronun- 
ciation, which cannot but exist in dialects comnmnicated only by word 
of mouth, without any standard of comparison as ia the case of written 
language. Even in our own tongue, with an ackuowledsed authority of 
reference, we find great diversities of accent without corresponding dif- 
ferences in orthograi)hy. For instance, besides their true pronunciation, 
the words yel, catch, evil, are often spoken by the illiterate as if spelled 
yit, kech or k5ch, eviil ; god, even among educated people is pronounced 
gawd, gahd, and even gltd, (or nearly so;) tomaluuvk is called variously 
tQmaiiawk, tOmlhawk, tOmihOk, tOmlhawk, etc. Savages are, of course, 
much less particular than the lower classes of a civilized community, in 
tills respect, and, as they never study their modes of speech, great varia- 
tions must necessarily occur in the pronunciation of different indi- 
viduals. It is, therefore, a task of no mean proportions to obtain 
accurately the sounds of which words are composed. But when it is 
attempted to represent these words so that others may be able to pro- 
nounce them at sight, we are met with a second dilficulty which arises 
irom the lack of means to fully express the elementary sounds by the 
use of ordinary type. It will be necessary, therefore, before proceeding 
to the vocabulary beyond, to offer some remarks opon the phonic elements 
of the Shoshone dialect, together with an explanation of the plan which 
has been adopted for their illustration in the list of words. 

A. — PHONIC ELBMBMTSj WITH EXPLANATION OF VOCARCLARY. 

The basis of the system employed in indicating the Slioshone w ords 
given iu tbis chapter, is to be found in the excellent "Analytical Alpha- 
bet for the Mexican and Central American Languages," which was 
published as a pamphlet by the American Ethnological Society, Neiv 
Tork, 1SC9. The author, Dr. C. Hermann Berendt, in explaining the 
principle of this method of iihonetic analysis, says, "I call such lettei-s 
as I am unable to dissolve elements, and I adopt one sign for each." 
The changes here rendered necessary are almost wholly confined to the 
substitution of ditferent founts of common type, in the place of certain 
special characters invented by Dr. Berendt. For convenience of refer- 
ence, the elements are arranged alphabetically in the following table, 
with the necessary remarks upon each in a special column. 
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KECONNAISSASCE OF NORTHWESTERN WYOMING. 
I. — Siinupl!i}al labU o/jyftoiiic demesis. 



E el (Gerioan oh) 
D 1 dot 

t rffo C-i mi eb \fi (Frenoli) 



apparcnUy between the tw 
iauiB as the j of Dr. BSKnllt, 

tneeu tliuiu, audTery dllHcult to ioi 



cal, IllO ItMlI S6U 

rjitbflr, tbe nctiml eloiui 



Ikausli) 



Hpulled 6usft, 
An lerongbbrei 



;iiiBhable, a, 
istiDCtljtrJIIiid. 



- Hied, a, pracHtcaUT equivalent to (A in EiiicUsli, 

"N I geuerally rtistlnanlBliable from d,-* tj is cmplojod in 

p]ace otch, as in cunrch. 
u, ie in FTte, unite, &Ai., ia written j^. 

soondofi^conibined witb J/, aa m^ung, id wi-itten yi^ 



Icit jouns Kyaoi 



<ei of tbeae eonsonanta (6 for ^, t foi d, and viae verta) is ne 

onoiinced alibe. »tid auub liaTR not been altered in tbe voci... 
neotljoaed, vrtillopiiiigfi, irbieh la quite as near tbe Iiidlnn] 



^Ku- Tbis' 



illo piiiigo, irbieh la quite ae near tbe Iiidlnn pi-nuiiuoiiiiioii, wonli 
. Sfmilurlv. pl'apna' (often prououneed pi'tip by the iv1iltPB| ivouli 
iMt^'. wbicH would be no ieaa proper. It h,ia, 1 hpri'fore. been tboustb 
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11.— Table of comUnaUom of elements. 



Dr. Setendt'a meCbod of iu 
Is inii>racliral>lo in prin 
here a Joptea.' 







n diphthongs," as Dr. B. oalls thoi 






rela - ■ 



...__ c , _,3 proijuaneeii one 

after UDOtlieri * • * oneof thBalainentsiBfllwayH 
pTeduiuinant. theother acoeBsory or halt' mnte." The 
metliod lit wiitiDE these U shown iu the lelt.hand col- 
umn, and oxnmplea ol woi'ds are given bi'low to illoa- 
Irate their age. Thus tho French vroi'd Tien ffguld be 
written r'eii ; the SptuilEh reiaa, reiua, aud [ho Eoelish 
lenient, 16'u'ent.t 



'The atccntuatiira of Didlua words being \-eiy irrejtular. the aooents are iiotoniitfad In tlievocabn- 
Jary escept when the pronnntiatlon Is suflloiButly Jndioated by tlie ortboeraphy, as in r^na, trbioli ninst 

fThefelHi'iUpbtbonuB, eoiuoosed of a voitel preceded ire adiminiBbedu, as'i, "i, &o., ate froqaeutly 
employed without coafusloo fuc the sound of w followed 6j tho towsI. 

B. — ^VOCABULARY OF TWO HUNDRED AUD TWENTY WORDS <IP THE 
DtAI-EOT OP WASHAKIE'S BAND OP EASTERN SHOSHONES, (LOCATED 
ON THE WIND EIVBR RESERVATION, WYOMING.) 

Tbe words contained in the aiiaeseil list were, with very few escep- 
tioDS, personally obtained iiud carefully recorded as they were several 
times pronoiinced by the Indians themselves, and by far the greater 
number have been verified or corrected by comparison and repetition. 
So far as can be learned trom any accessible data, this dialect is mote 
nearly allied to those of the Oomanclies and the (jhemehn^vis than to 
others of the great Shoshonee grdTip. For purposes of ready comparison 
lists of these words, phonetically spelled, have been i>repared from vo- 
cabnlaries already published, and a colauiu is also added to show other 
afSnities which have been traced, and for the purpose of recording inci- 
dental notes. The greater part of the information of a comparative natitre 
has been obtained from the Pacific Railroad Reports, Vol. Ill, Part III, 
mostly from Chapter V, in which are given vocabularies collected by 
A. W. Whipiile and classified by Wm. W. Turner. Some words were 
taken from the lists iu Sclioolcral't's large work on the " History, Condi- 
tion aud Prospects of the Indian Tribes of the United States," but his 
orthograpliy is in many cases quite unsatisfactory, and indicative of a 
lack of care in collecting tlte material on the part of those who recorded 
the words. To Pioatsi is the author indebted more than to all the other 
Indians for the iiunsual zeal which lie showed in teaelunij him the words 
of the language, which is explained by the fact that he was himself an 
eager pupil iu the study of English. 
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REC0:JNAISSANCE of northwestern WYOMING. 
III. — Comparative vocaiuiar^. 



Eugliali. 


Wftabaliie bftncl.' 






Xolefl. 






l^iffitf^""! 


=.ano=i 


n'mim. (Cahulllo.) 


AnUton, "(mjfl^" 
meUonn 


















hQl, (CaliniUo;! hnl, (uetelai) 
nobn', (Kechi,) tsuar, ni- 

ProbsbV lntrodiwo.1 with the 
clonkavi an attempt to pro- 
nfflincSthoEnKliBbwonl! 

ProbaUj-incorrect.as laliilh aig- 
uilles snow in Sbosliniie, &c. 














tnka'benepa... 










ft ■ 


ti'jtsit 


kiitsa', kati- 


of bad character. 








ar.v:.-.::;-.-. 


ha'nitfli 




P»"i'n« 

J^ftpontM 

Bkonte- 






I^-.::::::::: 






















Kmoii, buiaio.... 


iu'txi, k-l'lal 


ISkr- 




n'txanfit, (Cahiiillo.) 




to'fip't, (tu'olt)... 


m'tnffcLiClKip] 


sa-B'garo 


tnlikr. (Cahuillo.) 
Literally, doth ■ f iont, or cot- 
ering. 






3.'5&~".:::- 




i(an)™a'mok.. 


BijmliyeMBiotli.. 








hn"t>tv [bo-etei 
In'iolwl.ftk.... 








a;;"?.:::::::: 


(HiJ'pats 




Jirlns, fetch 










n^hL 


B bl 1: 


t ' 'wa 't 






(lark-brown. 








Literally, Imffalo-sUn. 










Bupnatia. green 

bis. (inaect.) 
Cntei jiiltiii, iiii^ 


















ka i 


ka' 






lS!"-. 


'tokbn6DL''op". 


'*'"'"' 


Literally,' talker, or g?™« talter. 












UaedforalooBeonterjmrraent, 
or a bbiuket wbeu wrappod 
aboDttbebody. 














tomork, (pin- 












(See nolo oppoaito Shirt.) 
Literally, yellow muth, or ysOoa 




















pl'tllat(c«mB).... 
tuts.«m-bn'iieo- 
^6m.pi'a. 




Pfairik 








Lltfrallv, tyaffali-huru lamer. 


























fox. 


Crtdi^ (spicier. 


noeniri'pi 

o'oenfljaipfi'nde'up 






-tStsSi!' *"*"'"•■ 


S7^:!!L-::;:; 










[Wan.]: 


tu'a'mit 


ta'myit, (Cahuillo.) 




taWri 


.4'di r»ardi] . 


xarfW 














n(an)ka'b»... 
tokaOHi 


nanft'ka, (Cnli«Ulr,;l nona'k, 
(KecbiiH.flnaLn„i,(Xotela,t 
aoana. nadjaa. (Kizb.) 






Uskflflfi 






Also signiflea mem, dinner. 



onnced by the IndlaoB. Words witbiu Inaekett 
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RECONNAISSANCE OF KOETHWESTEEN ■WYOMING. 
m.^Comparatire cocabiiJa rg—C o lit i ii li c il . 



Eiiglisli. 


WasIiSiie baud. 


0.«„.h.. 


Chemeliucvi. 


Notes. 


EigM 

Par far off 
Fast, rapid 


!iai-"fttfiii'll 
gbu ma <elniitei) 
biaa k-s. 
parM 

as* 
■"£?■' ""* 


n6'me-'at'"ii't 

npui 
ime narki] 


nStT 
pari 


nnSiumtiy,^! (moaning!) 

ko'n fi-iLadi) Poaaibly Jrom 

piMdikO^ (lime (SMdn.) 

Tbei-eiB a raiprnin!; sliniUrity 
(Compare Hmcn^) 
































meii'yajiB'iuiiE&i, 
tiUl-Blaa 










Bi'Bliial 












FiRht, battle, 








Oiieibo is &w, Iwitk yoHDs.) 


a- fn ebtm 








mmia'Vt iu™to'- 

gflU. 

nla'n'a'fl^r.i:"'.'.' 


[mo'^ke-met- 






certaiued. 




kuu, [ko'onol . 




AUIhep,B"-so/onshand. Per. 
Laps fi-om imma (flugera) and 
Ti'it<all.) 












na, (KiBb.) 


FlV,(ll0U3r;) 
















Apparently componnded of pH 
(nater) aud a >vord or words 
rittnilylng dark or darkness. 






n^pe[nehSp| 


na'mpan 


foreigner, (nhite 






"ntBu'it 

"a'tauit-manfo'Kan 


ii(i^)oaok"it... 

hc^ra'k-B-roe. 

to-ikfit. 
li(8i|its,Lliaiti 
t^iffte-'tai)-!- 

.pftk [-(ai)' 

epirf.1 


"atsn' 


i^asa', (KpcIu;) 'alsa, (NetelaO 




Gil™'.;.'.'"'-.:'-:'. 


ii(a^iVt.'.'.'.'.'. 


i'niaraB]. (CflUnillm) literally, 






riJie'Tl 


P(ai)'k'e 

poa'nt 




GdiI. Great Spirit 




















GianiW, 


ri'mf-ana'kii; 


■[iianippiio 


■tn'bftt''."!" 


Literally, stoxi-frnj-JV. lm!xid» 


«™^I"K 














«°liG'nt 


',^Mr"-' 


tnp(ai)' 








Hana 

Hani, (not soft). 


■.i,o,ma'3u"i'ki.... 
Lant-mabu'ri.... 


o.ua'spfln[n,o'a 
[tse-uarbn'nil 


n(al|t8 


neiilnliein'os,'lf^aliiulio;)niilrt«, 
(KioHity;! nuliia. (fingertl) 
niftna"i7it. (.fi'Hiem pill) fim; 
nia'su^iki, {fingers open!) 

o'ito, (Oabnillo ;) literally, ^od 


ka;mo,ta'b 


ta'bon 


























o'l-dtaa [soknj 


ei-P*' 




Heavy 


pu'ttftnt 


nionlj-neeifeifi.. plnoootlW 
when apeakliig Enslbsli. 
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RECOKSAISSAKCE OF KOETIlWESTEnN WYOMING. 
III. — Comparaiixe vocabulary— Contiuupil. 



EuslUli. 


Wushskie b,m<i. 


c..,„>,. 


Cbemehuevi. 


Kot... 








Uspd also as .in inipcitoiis ex- 
olniimliTO, ill tbe seuee of 


Hieroglypli, plc- 
tnre, cirnwiiig, 


























ain.) 








siderabfe oltvMi^u, 


hS' ; 


lin'njo, t«hoete... 














Used appar™t1y only tn dia- 
tiiiKnish liptwBen camp luicl 














netsttranr)... 

ta"1ti.b!t«kan] 
,;,.,Jj,..„-. 












(Xetala;) nomii, (Kizli;) no. 
(Kt(.«oy.) 


lv«Mle,p<.t 




pampn'ni 


■tgn, (Kioway.) 








&ri::::::; 


Componnil of pn. iratcr, uid a 


I:anoe,spcBr 


to-jatB!!) 




1 , t- 






ot' OUT Stotii-eatsr guldo. 


































, 


.«..,.„,. 


j-a"pi>itfl 




I*8t, stray 


Bflri' 




' 






























Ira'ngo-oiu-pi'Otfli - 






Litemllj, hars,^-!»iilhiv, or So™ 
qf thf niottsr tirni, or nf the 
Hud Uuit goei big with goang. 


S:';::::.::;:; 








mo'nl, [m&sl- 
Pti'etsko 


taba'reiikit... 


msn'Tll, {Cahnilliii) ni(oi)1a, 
(KeeH;) mol"u, (XeteU^J 
moa'r, (Kiib.l 


Mnrnin8.ta-mor. 




-. 1-. 








pi'apBi.t(oi)j^b 


te«itgek(al)b . 


















of the Eiiglt'b and Spant^b 
words for mnlo. 
Litei'ally, {littte imUr-ammal 




















mi'atlets), 
Ime'Iit':.] 


aaeAti 






to^tKaijIio 


Litemllv, black ffireinner. 
tukron-nits- (UabulUo;! liter- 
ally slatt t 




1«„., w. 

ae'Tniano. [ifi- 
mnmansi] 

N"''"ot'*Co. 

ke ke 
[kefttY 

[tinkopj 8U 

am «imM 
mopl 


*"■"'■' 




shQima'-ru'mlt... 

N^fsSLiab, not 
SbosUne!) 

Eh!?' 

i"itri 
^ok6pl 

T 1, pntii 












^"fo™ T"now ^Tmirnil-d' 
but It i? iirobal)h- imiijduoed 
f n tl laiiiah. 

ki rabul o } 

L ternllj n all- 

I animate not used in spoak- 

li E of animals or peiannn. 
<M1ofT> s 19 and animals, 
supl CatuUoi) Biipnl, (Ke- 

L fill 6 /iifo-Soris. 


No not 
until ng 

Old animate 
Owl 


kBlS 
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EEC0NNAIS8AKCE OF NORTHWESTERN "WYOMiNG. 
Ill, — Comparative vocabalari/ — Continued. 



1. h 


a bak e band 


C.m«, 1 


Cben,eb„.vL. 


Note.. 


P T 


nob SHBl 


-oil k ] 




Au,wer8al™ 


!!■ '"ti 1 be" 


h: 


WHie gl p 


t* 




m 


t. 


Hur "•'• 


e Hui a.mB 
t, npp P 
tfio-ab kam 


See Hare 




L te 


frr be .) 


K er 


'I'e^X^rJek 


"■." 




Snm 


. 


Eou re b 
Saddle 

Saj- apeal. talk 

See 


n eu It 

""k^S 

malSiT 


r»' 








Sfl^en 


a sue 


ta ta 








Se en e n 


ta an nanog 






m nig*"" 


et 


S 


k w 






seem 


to ed 


Shosljone 


See ^uake 


1 




bod 


n,&^. 


Seep ab 




, 






I 


Sot" 


k«h 








u 


Sod 














enty^a 










Spn-iQ-laiv 


ra u' 




Bi'ktn-kemft'nt 
bn'ogn-no'voua 
yct» 






™ll 
















&„r»-.:;: 


to^r- 

o'Bua,..:::!!:: 


See 
Ubb,ltarp] 




^ 








Strike, {verb)... 


mWiWdk.. 




xi 




















cbi;)temi;' 
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286 RECONNAISSANCE OF NORTHWESTERN WYOMIXG. 

1 II. — Comjjd ralwe vocabalarii — ContJ n iifiil. 



Engli,,],. 


W^lmkit imnd. 


Comauche. 


0»...b.„ 


Uott-s, 


Snnset 

lllk tell 
Ton 


tablvekC) 

mbr] 

poli'dnatiut 

tc-pDliftBdftnt 

p(at)t^moniogiui 

im 

p(fliH' ... 

pa'hEmo .. 
igi'tii-tanji 


pabi«t(pebu) 

paraon lpahf> 
tl"™, {day).- 
pe'netsko.... 
ta-manttanl].. 


b(ai)ika 
p(al)i 
tonindk 
koape 


Liter dJj mornmjdnivas? Tos- 

ra "■*"""■-»""■■ 

Literally mgar-lil!e? 

nomittnmi (Cabnillo.) (Sea 
obgenatlona on nnmecals 
elsBwhew) LiWroUv. one 
(once) fi»(Knaa abbceTla- 
tionofihn'mnn-init 








Literally nofWicJ 

pet- pa (Cabnillo ) Uteraliy 

m«pa (Oabnillo J p(aD (Ke- 

auilTdga, ((ocry ) litei-ally, 
doui crying {crying cloud.) 




ThoD— yon, (ein- 
galat.) 






til'TO, [aowU (CabHlllOi) llfec: 

oily, aow-day. (pressnc day.) 

p(ai}apa, learning.] (Cahnilto.) 

meljl'ma, (Cabnilln ;) tun, (Kio- 




a'oeknxt 

t(an)"-a 


tsI 








Tiro 








SaniB as j!y. with nnimate in- 

To speak (or tell) irnth. 
Litetally, Iwo-lea. (or word of 

«e, {Kecliii) "ptiB, (i'l^t^U;) 
■elie (Kizhtl Kia, (Kiowa.) 








h-at^raanto'gaii-- 

li>at> 

tltii-mab*ni .... 


[■che-mota'ik. 
[■^'heJ.Vhat.. 
tisti:it(bad)-.. 


"(al)'! 


































mET'^""'' 




palpuTj 


Pa 


p^il, (Cpljmlln;) Pal!.. (Keebi;) 


wbll'"^^ "'"■'■ 


Ef^ ■■;;;:.-;:■■ 








(Seo Perbsp3,) 














ito'-top] 

[toiop-tlail'bn, 
pabo-t(oi>'ljo, 
k-nir [k.„'6rl. 


tOM'gtire 






toi.op't-t(ni)'b'o... 
Ang'obltal 


Literally, tcMIe fiimsaer. 


















slEa'p 

maru-k-a 

biyrbenkure... 


1'80'if, (Cabnillo;) tannt, (Ke- 
ciii;) iant, (Xetelai) isoij isot, 
<Kiili.) 






'^:, 




'rt 't 






'■^' 


bek, (Calmillo:) oho, (Keebi r) 
ho'. (KioKTiy.) 










■■'"•''° 















C. — SOME BEMABES ON SHOSHONE GRAMMAR. 

The closest study of two or three linndred words of a langnage could, 
of cour,sc, determine coinpsiratively little of its structure and focms of 
syntbiisis, but some broad geuemliz;itious may be made coiieerniug tbe 
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peculiarities of Sbosfione grammar, wliicli may jtrove of some slight 
value as a coiitribiitioii to the pliiloiigy of the North Ainerican tribes 
of Indians. SufBeJeut data, besides wiiat is given in the accompanying 
vocabulary, have been collected for a brief review of this subjeet,l'r<)m 
which illustrations will be drawn as we proceed. The matter which fol- 
lows is arranged under italicized heads, the main topics being but 
roughly systematized, although an attempt has been made to follow a 
somewhat logical cl as si Heat ion. 

a. — CompouniUng of words, as proper names, etc. 

In joining together two or more words for the purpose of expressing 
their combined meaning by a single term, as in the names of places or 
persons, or of things faneifnlly used, the great desideratum in all cases 
is that the resulting equivalent may possess the quality of euphony, as far 
as possible without destroying the sense. The greater the original dissimi- 
liirity between words, the more radical will be the change requiietl to 
secure this end, and, to a great extent, tlie more frequently the com- 
poand is used the greater will be the change, and consequently the 
euphonywill be more complete. Thus, in the common names of persons, 
usually "bestowed by the Indians from some trivial circumstance in 
domestic life, or hunting, as mere nicknames,"* euphonious combina- 
tions are quite the rule, and the same may be said of tlie fanciful equiv- 
alents of such liuglish words as tkunrier, sutisef, and the like. Examples 
of both kinds are given in the list below, with their original or ext-ended 
form. 



En 


C n S b 


' 


. 


ka a I n li u U bu 


b nd eou J 








1) use b w 










Eg Be ^ 




r ^ fl OS p^ 




'' ftp 


T, A 






ph 














Comanch rlbea 










Eo Ea ™ 




Tampa hflra 


■ftmpa Tiftra 


Bnlft Bate a 




Utfl^ ki a 


kn 


rtkfta 


mm^" /atc^s 


















sunk I. Vaa 




r aTa' 














l-P-Tsr. 




k vrSn e 


k 


■a 






P puff a 


P 


" 



b. — Formation of numeral's. 

The basis of Shoshone numeration, like that of the North American 
Indians generally, is to be found in the use of the lingers for counting. 
There is some difficulty in determining the exact English equivalents of 
all the terms employed, bat enough has been learned to render i>ossible 
a general explanation of the system, which is given below, in the — 

■ H. E. Schoolcraft, "American Indiaus," 1851, p. 87. 

t For nther examples of euphony iu compouudijii words see in TsWe III, aeoiid and 
last colnmna, th« equivalents of tbe words buffalo-robe, caterpiliar, (large,) cow, 
cricket, granite, God, (Great Spirit,) mare, muskrat, negro, os, rabbit, satchel, soft, aol- 
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V.—Tahh of SImlwne tiinna-al). 



Ensli^li. 


ulaui'5 
xlin'ma. 


b™o. 


Eiplanntiona. 


^ 




Onel (or first I) finger or forefinger J 

Prnni ii"at"-BliH'nia-n"lt (f) nioaniiiK tim-ons-all, Vciy flniibtfol. 
sefi-ES. 


Two -. 

IS;;;;:; 










s- 


M'it 

ru'mib... 

au"t 

nantCBan 


(!) From sliuima-Q"it OM (laoWng froml nil. 

Shn'miHnana-togan, one-^iw< iiy*'. (shut,) nipanirg .dn^n- g/iiit— 
tlun mm ; reteiring to the cloaing of tlm fliigora Ijofore couultog tlie 
aecond eot of teuB. 


iiluet«eu. 




r(Hi>'t"-inniilo'"an, thinwn, &.e. Above niiiptseii the nystem n-as 
not Htudiecl, but it ia pivbable that it is vciy eimiiar tu tlie method 
hi nae among the ComauoheB. 



N. B. The Cheinehni^vis seem to reckon differently. Thus forty is 
expressed by tliem "atxu'-i-maxu', /OHi-fen, fifty mami'-maxn', Jive tmi, 
equivalent to fotirteen and fifteen, in Bhoslione and Comanche. The 
Calinillos are also reported as counfitig in the same tnaiiner, the multi- 
ples of ten. 

c. — Inflection; liow and when employed. 

1. Of the noun and adjective. — So far aa can be learned from the mate- 
rial gathered, no distinction ia made in Shoshone between the nomina- 
tive and objective cases of nouns. For ihstance, tomopi, cloud, is the 
same in both the following sentences: 

Im sik t6mopi mab6ni I Did yon see that cloud ! 
Silt tomopi t66p't. That clond is black. 

Ho distinction was observed in the terminations of the singular and 
plural numbers, nor does there appear tobe any inflection to denote gender. 
Certain terminations, however, may be noticed in nouns which do not 
seem to part-ake wholly of the nature of compound words, and similar 
endings will be seen to be characteristic of not a few ad.je<!tives as well. 
Thus the names of the prominent colors are composed of simple prefixes 
to fip't, an expression which may signify the possession of a quality of 
some kind, perhaps that of color. From this we obtain t-fiOpt, hlaek ; 
toxOiVt, jc/i(fe; 6op't, j/e?to?o ; and 6nkijp't, red. The names for hroicn, 
ifMe,and green, as given in Table ill, are exceptions to this rule, bnt it is 
not (^)ffljn that these terms are the exact equivalentsof the English words. 
The suffix is usually dropped in the formation of compound or derivative 
words, buC this is not always done.* Again some words, l)oth nouns and 
adjectives, end in si, tsi, or tSi preceded by a vowel, and these terminations 
are not seldoju mere affixes to well-known words, aa Pina (Piiiatsi,) 
tfinupa (tfmupiitsi.) The general effect of this addition is to personify the 
object expressed by the original word, but often it acts the part of a 
dimiuutive ending, and it may be that the latter is its principal use. 
Theoretically there is reason to believe that it partakes of the nature of 
an animate affix, and it is seldom used in speaking ot inanimate objects 

• It \« interesting to observe that the sufflK a're or ga'ic, is siiuHftrly employed In 
Boverai ilialects, aud it iealso naed as a term iuntioii for the wolds sigiiitjinj; lake, aea, 
&.a., evea iu Shoshone. 



Hosted by 



Google 



EECONNAISSAKCE OF NOETHWESTERN WYOMING. 289 

unless personified, thougli it is often omitted in connection with persons 
or the lower aniniala. 

2. Of the pronoun. — Little information has been gained concerning 
pronouns, and it is not easy to arrive at definite cooclasious as to their 
use, owing to the difficiilty of correctly interpreting Indian sentences 
in which they ocenr. The remarlts which follow are, therefore, very 
cmde. 

The personal pronouns are : 

I, ni'a, or ni', sometimes pronounced uii. This seems to be equivalent 
to me rather than I. 

Thon or you, im, (ta'm'^, plural, is also used.) 

He, sik.! The Indians often use //lai for /te in speaking English, (sili=: 
that) 

We, ta'in»-ni", (sometimes called nam*-mi,) literally, you-1. 

You, ta'm". 

They, !. 

So inflections, if such occur, are Ivnown to the writer. Of pronouns 
other than personal, no data are available. 

3. Of the verb. — It is possible to understand the use of the verb with- 
out some articulate method of conjugation, though it is not here claimed 
that such is the case among the Shoshones ; but the notes thus far col- 
lected afford noclew to anything like a system of verbal inflection in their 
language. Thenumberand person of the verbareeasily determined by the 
pronoun connected with it, and it is not difficult to distinguish between 
the infinitive, indicative, and imperative moods by the construction of 
the sentence, the tone of voice, or the manner of the speaker. The tense, 
perhaps, is not so readily ascertained, but this can be determined also 
■without trouble in spobieu language. In the sentence — 

Im sik parhi'mabn'ni ? 

Do (or did) you see that elk ! 

It is impossible to state whether the verb " mahu'ni " be present, 
past, or future, but its mode (indicative) is shown by the mark of inter- 
rogation. If the speaker wished to change the time or mode merely, 
it would be accomplished as indicated below by the use of adverbsof time 
noic you that elk to strike 

1. igi'txi im sik parhi' m(ai)ra'nik ? (Present, indicative.) 

(Are you striking that elk [wapiti] ?) 



kint, im sfk parlii' m(ai)ra'uik! (Past, indicative.) 
(Did you strike that elk yesterday fj 

3. im sik parhi' pentxiko ni(ai}ra'uik! (Future, indicative.) 
(Will you strike that elk to morrow?) 

1 not want 

4. ni* ke makamu'»gen sik parHi' m(ai)!a'nlk. (Present, infinitive.) 
(I do not want to strike that elk.) 

5. m(ai)ri'nlk eik parhi'.' (Present, imperative.) 
(Strike that elk !) 

The position of the verb in the sentence, then, often is very important 
but the manner of utterance also plays an important part in the expres 
sion of ideas. 

d. — Exercises in Shoshone. 

The remainder of the notes on the language may best be arranged ii 
the form of sentences which will embody the ideas which it is desirei 
to convey. The substance of all these sentences was obtained from th 
H. Ex. 285 19 
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Indians or from Dr. Carter, bat some few words have been introdaeed 
occasionally to illustrate certain points of structure more clearly. 

1. JTia "a'shaki, Sboshone pi'a'te'g°in. 

/ Wass-Jta-kee, S-h6-s-M-nee Chief. 
I am Washakie, the Ohief of the Shoshoues. 

2. Ni'a ke kixaiint tdnuptitsi. 

1 not bad boy. I am not a bad boy. 

3. Igi'txi im pa'heriiin I Are you hungry now I 

4. Sik ba'ngo te'tits' shanip ssio'ut ti'ktip'. That little horse eats 
much grass. 

5. Im x6'g6piits', ni'a ke yii'ptits". You are o!d ; I am not fat. 

6. Hin fhS'gilniJ im ma'kamungen ? What do you want ? 

7. Kint, ni'a ke tarn" m'ero, igi'txi ni'a mie'r f I did not go with you 
yesterday, but now I will go. 

8. Kint im sit to'-to'mopi mabu'ui. You saw that black cloud yester- 
day. 

9. Pi^'utxiko, ss'ont pa'ema, ni'a te'g"in. I say, it will raiu hard to- 
morrow. 

10. SIk to'ya'b ouiJ'«8"a, taka'b te't'ts'. Beyond that mountain there 
is little snow. 

11. Pi»tu'k''a'xu, ho'gaui im na'uyak! Big soldier, what is your 
name 1 

12. Im kint pi'tunt, ni'a igi'txi-ta'bi. You came yesterday, I to day. 

13. Igi'txi-tabi, p6'utxikotsis, sIk tn'nuputs' na'menuk. To-day, at 
sunrise, that boy ran. 

14. Pfe'utxiko, ta'm^-ni'a mi'titsi Pa'sama'ri e'p"!! Will we sleep 
near the Stinking Water to-morrow J 

15. Mi'tits' slk ka'ni, kint, kutxim-bn'ngo-em-pi'a tibita si'iint ! Were 
there very many cows near that camp yesterday f 

16. Ira ki'vi-et tibits tsant, ni'a e'ra te'g"in. My uncle says your pis- 
tol is very good. 

17. Tu'nupa hO'gaui me'hiin ! What did the man do ! 

18. HCgani im bo'hu;''a'uftp ? Where is your blanket? 

19. Igi'txi-ta'bi tsant,' kint pa'ema, pB'ntsiko, noho'g^ni, takab. It is 
pleasant to-day, yesterday it rained, and perhaps it will snow to-morrow. 

20. Im igi'txi no'bu mabuni t Do you see the trail now ? 

21. Tu'nuptits* kint ya'ga, n{ai)'vits' igi'txi — tibi yi'nlkgn, to'gan, 
bu'ngo, tsi'ri, n'it' p"!. The boy laughed yesterday, the girl cries to-day, 
and at night all horses and dogs sleep. 

22. Mabu'ui slk ha'nitsi ni pi'a-et miyA. ' See that beaver bring my 
gun. 

23. Kint "atBuit-manto'gan bu'ngono'yogau, "a'shaki' in-kani shanip 
tibits ss'ont tl'ktlp'j igi'txi-ta'bi, ke. Yesterday fourteen stallions 'ate 
very much grass near Washakie's camp ; to-day they do not. 

24. Nohiygani im i'xam nohC'gitni ke. 
Perhaps {it may he) you to be true. 

Perhaps it is as you say, perhaps not. 

25. Ni'a bu'ngo to'sOp't, ho'ggui im to'-biiugo ? My horse is white ; 
where is your black horse 1 

The foregoing sentences, incomplete and unsatisfactory as they cer- 
tainly are, will serve to show the general syntax of the Shoshone dialect, 
as these Indians vse it in their commumeation with whites who understand 
them. As Dr. Carter remarks, " their communications with each other 
are, of course, more profoundly Shoshone than when communicating 
with whites who, as folly as whites can under ordinary circumstances, 
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understand their language." Hence the difficulty of estimating the real 
value of all the notes obtained from a tribe containing so many who are 
quite well versed ia English. Believing, however, that every item 
which is authenticated may eventually become of importance in the 
study of dialects which are much nearer extermination than many be- 
lieve, this chapter has been prepared, and it is here offered as a slight 
contribution to one of the most promising of sciences — that of compara- 
tive philology. 
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NOTE EXPLANATOEY OF THE OOLOEED GEOLOGICAL MAP. 

Tbe general distribution of tbe various geological formations in West- 
era Wyoming is sufficiently indicated by tlie coloring upon tbe aocoin- 
panj-ing map, specimens of the tints being separately given witb their 
proper numbers. 

It should be remarked that the author lays no claim to strict accu- 
racy in the delineation of outcrops, a task whieli it is manifestly impos- 
sible to Eiccomplish, unaided, iu a single season. Believing that such a 
map, however imperfect in minor details, will serve as an aid in the 
more complete understanding of tbe text of this report, and cherishing 
the hope that it may hereafter prove of some slight value as a guide for 
future laborers in this field, it is offered as an exponent of the geology 
of this region with the conviction that it is as nearly correct in its main 
features as it is possible to make it without more extended research. 
In fact it is just such a map as the author would use as a basis of oper- 
ations if he were again to enter the same iield. 

As far as possible the introduction of conjectural material has been 
avoided, but in most cases it will be fair to consider that the number of 
Icitown facts is in inverse ratio to the distance from the trail of Captain 
Jones's party. In some cases the map of I>r. Hayden, accompanying his 
report to Captain Eaynolds, has beeu followed outside of the limits of 
this reconnaissauce upon the northeast. Prospective maps from com- 
]>etent authorities will doubtless aoou render possible quite accurate 
delineation of the prominent features in the west and south of the dis 
rict. For this reason the former area has been left uncolored, and the 
structure of the latter has been but roughly designated. 
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REPORT ON illNERAL AND THERMAL WATERS. 



Sir : 1 have the honor to submit the following report of analyses of 
spriug and stream waters, &c., examined en route during the snmmer of 
1873 to and from the headwaters of the Yellowstone Eiver through 
Northwestern Wyoming Territorj', together with general observations 
of the medicinal qualities of the springs within the section linown as the 
National Parli. 

As a thorough description of the trails and surrounding country will 
be included in the topographical and geological reports of the expedi- 
tion under your charge, I confine myself to allusions to the former ia 
localizing waters, and advise references to the latter for particular geo- 
logical features, instead of incorporating in the report a reiterated ac- 
count of the route. The date and number of the camp, therefore, will 
serve to fix tiie geographical position of streams and springs aa well as 
to guide to the correct appreciation of the natural relations. Moreover, 
the thermometrical record, which is of the greatest import in the proper 
estimation of the medicinal value of a water, will be found very incom- 
plete ; this on account of the desultory character of observations, neces- 
sitated always in a comparatively new and unexplored country. How- 
ever, the meteorological report of this expedition can be consulted, but 
it must be remembered that careful readings of instruments for a day 
or a month in one place are now-a-days deemed insufhcient for a strict 
understanding of climate and its infiueiices. lieference caii also be 
made to the excellent reports and tabulated statements of I>r. A. C, 
Peale in Hayden's Reports of the United States Geological Survey for 
1871 and 1872. 

In consequence, and to make easy by a connected account, I have 
adopted the field system, a recital of observations and notes day after 
day. A few general quantitative analyses, however, subsequently made, 
are thought necessary to be incorporated in the body of the report. 
After our return, 1 found in Hayden's Report for 1872 analyses of de- 
posits which cover a great deal of the ground of the Yellowstone Basin, 
and you will find, therefore, that I have only noticed such as have some 
sijecial relation to a water or have not been analyzed before, 

Our journey from Fort Bridger, through South Pass, to Camp Stam- 
baugh, (June ]2 to June 24,} over one of the well-worn overland emi- 
grant-routes, crossed the eastern section of the Green River Basin, 
which is mainly traversed by Green River and five of its branches. 
All of these streams were greatly swollen and they impeded our progress, 
particularly the Sandys, whose origin is in the foot-hills of the Wind 
River Mountains, and'which, then violent torrents, in September follow- 
ing bad an insignificant flow. The water of these streams at neither 
period is acid nor alkaline, though bitter to the taste, and causing a 
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burning sensation to the skin. One fluid-ounce of the water of the Lit- 
tle Sandy contained in suspension one-half grain of sand, all of which 
deposited one hour after standing. The reactions of the clear water 
showed only the presence of magnesia and sulphuric acid. A bit of the 
so-called " alkali dust," a white or grayish deposit taken from the banks 
of this stream, contained lime, magnesia, iron, alumina, sulphuric and 
carbouic acid, and silica. 

Here (June 21) was first noticed a peculiar behavior of the blue lit- 
mus-paper used in testing, that of showing after immersion and short 
exposure to the air an acid reaction ; even after wetted with ammouia- 
wat«r it turned red after a few seconds free exposure. 

Ozone papers became of a deep brown color in a few hours, and thus 
accounted for the phenomenon, which was verified afterward at Camp 
Stambaugh, and the higher localities of the route, before entering the 
Yellowstone Valley. 

The waters of the Sweetwater, (June 23,) of the streams supplying, 
and those about Camp Stambaugh, (Juue 24, July 1,) viz, Beaver, Twin 
Creek, Little and Big Popo-agie,at this season, and at the points crossed, 
were pure mountain-streams, exhibiting no rea«tion though they carried 
difierent amounts of sand. In contrast the valley (5,560 feet above sea- 
level) of the Little Wind Eiver furnished novelties, and I think my 
regret on leaving it was shared by all of the members of the expedition. 
The abundance of material for the geologist, botanist, and meteorolo- 
gist iu it makes it a desirable i>oint for their wort ; and I have no doubt 
of its possessing advantages for study and discovery for the medical 
hydrologist, excluding the sources already known there — one large sul- 
phureted lime, {sulphuric calcique,) several cold sulphurous springs, 
and one carbureted and oil spring — but including its mild and invariable 
climate of summer, (mean average temperature for July, August, and 
September, 1873, 61i<',) and its beautiful surroundings. 

The sulphureted-lime spring, two and a half miles from Camp Brown 
and near the bed of Little Wind Eiver, into which its water flows in a 
not insignificant stream, is elliptical shaped, (315 feet and 250 feet diam- 
eters,) neutral, and contains free carbonic acid, (abundant,) sulphuric 
acid gas, lime, maguesia, soda, sulphates, chlorides. 

Its deposit, hard, stratified, yellowish, contains lime and magnesia 
carbonates, some chlorine, and a little (not deposited) silica. 

The waters, used for bathing only, have the reputation of curing 
rheumatism and some skin-diseases, and are similar iu composition and 
effects to Aix-les-Bains, (Savoy.*) Even a short stay in them for the 
first time makes one weak, dizzy, and nauseated ; afterwanl, however, 
after a sensation of depression (rapid beating of the heart) there occur 
agreeable feelings of cleanliness and strength with mild thirst. The 
following observations of temperature, taken by Dr. Thomas G. Maghee, 
United States Army, are interesting : 

*■ Vide Barrault, Eatis Miutralui. 
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The cold sulpliuroHS springs arise from the base of the foot-hills of the 
mountains, about six miles from Camp Brown. One, (Tesson's) — tem- 
perature 50° — blackish brown deposit, contains lime, magnesia, carbon- 
ates, chlorides, sulphates, and abundant sulphureted hydrogen. Doctor 
Magbee writes that he found its water to be diuretic and mildly laxa- 
tive. 

Tii carbureted oil- spring about one mile from the camp is remark- 
able only for its oil and great amount of asphalt making up its shores. 
"With the gases — sulphureted hydrogen and carbureted hydrogen (?) — 
rising from Its sandy bottom (water two feet deep) spring up to the 
surface plenty of oil-globules, which, floating, are blown ashore, and 
there become a hard asphalt after some time. The oil, taken as it arises, 
after evaporation of the water, loses on burning exactly 90 per cent. 
The water, I think, possesses no interest in a therapeutical point of 
view, as the bathing or drinking facilities are small, it being constantly 
filled with the rising globules of oil. 

After leaving the Little Wind River Valley and crossing Sage Creek, 
(Camp20)WindEiver,(21and29,)andDryCreek,(23,)allofnonoticeable 
interest, we passed over the Owl Creek Mountains, which were remarkable 
for the scarcity of springs and water-eonrses. One spring, (Camp 25,) 
the only one on our route over, gave very little water, very hard, and 
intensely disagreeable to the taste. The water of the Beaver, (28,) a 
small stream, and Grey Bull, (29,) possessed nothing worthy of note, but 
a series of little springs were found a lew miles south of the latter river, 
whichformacreek(Yellowwaterof the Indians) flowing into it. Their 
sides and bottoms were of deep yellow ; their water contained an abund- 
ance of iron, some lime, magnesia, sulphuric acid, sulpburets, and car- 
bonic acid combined and disengaged — were neutral, and of 50° tempera- 
ture. Tbe exterior of their deposit (carbonate of iron) became, after 
short exposure to tbe air and light, a white impalpable powder. 

Camp 30, July 24, was made on a small stream flowing into the Stink- 
ingwater, and formed by a large number of mountain-springs, with a 
temperature of 50^^ (air 70°) neutral and containing lime, magnesia, 
sulphuric and carbonic acids. The deiwsit of these, tasteless, was scant, 
white, and reacted for carbonic acid and hyposulphuric acid. 

Camp 32, July 26, was made on the Stinkingwater, near which we 
found a large spring raised two or three feet above the ground, with au 
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abundant flow of a blackish water of great specific gravity, of strong 
sulpliurous smell, (temperature 56°; of air, 15°,) and depositing black. 
The water contained soda, sulphates, and sulphides. The deposit was 
made up of sulphur and hyposulphite of soda. As we approached the 
river, by Cretaceous bluffs, an odor of sulphuretted hydrogen became 
distinctly perceptible in the air, observable several miles away. A 
number of extinct springs occur here, but the existence of numerous 
active ones near, besides the last mentioned, was indubitable. The lu- 
diaus stated that many large similar ones could be found at the junctiou 
of the forks, abont twenty miles east of our trail. 

The river, North Fork, which we ascended July 2C, August 2, was 
fed by many pure mountain-streams, flowing abundantly from botb the 
north and south. These often consisted of a succession of falls^ some- 
tiraea of 100 feet, over the volcanic aides of the canon ; most of them. 
however, were furious torrents, over steep inclines, broken by great 
masses of rock. 

At the headwaters, where the sources were attainable, the tempera- 
ture of these was found to be invariably 50°, (air 71° to S0°.) They 
were pore, or nearly pure, as they exhibited no reaction. The water of 
one spring, 100 feet beneath the top of the pass over the mountains into 
the Yellowstone Valley, gushed from a hole in the perpendicular rock 
and made a perfect fall of 20 feet before reaching its first flowing sur- 
face. 

The pass into the Yellowstone Basin, August 2. At no time or point 
of our subsequent trail within the Yellowstone region was spread out 
for us a more complete or effective view of it than here in the Sierra 
Shoshonee Mountains. Sufticiently above timber -lino to meet with no 
obstruction, we in wonderment looked upon the great placid lake 
glimmering in the sun, imbedded in ridges, among bald peaks and tim- 
hered hills ; a great flowered lawn here, a dense forest there, A large 
ascending mass of steam marked the Firehole section ; others, smaller, 
the localities of less thermal activity; the coorse, entrance, and exit 
of the river, the whole water-shed of the valley as au amphitheater; 
the scene backed by the Teton range, with its sharp-cut and jagged 
contour, the three sisters of which stood out grandly in the clear sky. 

Nor was our curiosity less gratified when, after a slight descent, we 
camped (37) ^9,000 feet) on a decline whose beautiful clumps of pine and 
spruce, running streams, and plots variegated by flowers, were suggest- 
ive of a cultivated park. Around us buried in the woods we discov- 
ered a number of circular springs, 10 to 15 feet in diameter, each on a 
sm^l terrace. The water of these (temperature 31°-i2°) was clear and 
limpid, revealing a soft grayish bottom pierced here and there by little 
round holes from which bubbles of gas ascended at intervals of one 
minute exactly. It showed no reaction of any kind, while the gas col- 
lected was suspected to be sulphurous-acid gas, on account of its bleach- 
ing litmus paper. Tests for carbonic acid and sulphuretted hydrogen 
were frequently but fruitlessly applied. These springs were remark- 
able because of being mi generis, none anologous having been found 
afterward in the other hills or the valleys of this region. What rela- 
tion they bear to the thermal springs immediately below them (Turbid 
Lake) could not be discovered either by their deposits or contents in 
solution. Their outlets gave egress to a small quantity of water, which 
soon joins the larger streams from the melting snows of the summit. 

Turbid Lake is an instance of a class of many thermal foci, others 
existing near Orange Creek, shores of Yellowstone Lake, west side of 
Yellowstone Eiver, &c., though the surface involved and degree of 



Hosted by 



Google 



RECONNAISSANCE OF NORTHWESTERN WYOMING. 297 

activity differ iu all. A common reservoir for two mountain-streams 
and innumerable liot springs, it supplies a good stream to tlie lake. Its 
elay-eolored surface was in constant agitation by tbe bubbling gases, 
carbonic acid,and sulphureted hydrogen; its temperature near tbe shore 
varied whether taken near the entrance of a hot stream or not, though 
only a few degrees, the lowest being 60°, highest 70°. Reactions were 
obtained for iron, alumina, magnesia, sulphates, and sulphides. 

The shore of this pond presented, as compared with that of the others 
to be mentioned, a diminutive representation of the activity of its class. 
A scaly surface, almost 100 feet wide, was broken by countless springs 
of all shapes and sizes, temperatures, contents, and deposits, from the 
emission of a fine puft' of steam, or little bubble, to a spring a few feet 
in diameter, varying from 06° to 192°, sometimes two within six. inches 
of each other differing 20° to 30°, and containing in different propor- 
tions lime, magnesia, iron, and alumina, sulphates, chlorides, sulphides, 
and silica. Indeed, some of the watera tested failed to show the presence 
of lime or iron, and alumina. Their deposits or surfaces about them, in 
allcasesbrilliantlycolored, were as various; green, {Confervoi4ea,)s6\low,. 
red, or white prominently ; and the forms of them were as many aa the 
colors, dry scaly layers, glazed viscouspreeipitates, and villousornoduled 
masses. The last, for the most part, consisted of a green base covered 
with white fungiform protul>erances, the manner of the formation of 
which I could at no time suspect. 

A little southeast of the lake, but in the same class, were a number of 
larger springs than those immediately about it, whose waters How into 
it, and two mud-craters in some way connected with it. On the rim of 
its barren shore, uuosnally near timber and grass, was a circular hole 
20 feet in diameter, borders clean cut, filled to within 1^ teet of its top 
with a steaming, bubbling, and thudding mass of seemingly plastic and 
drab-colored mud, (184'^.) It had no visible outlet, but its relation to the 
common reservoir of the surrounding springs may be guessed from the 
fact of the hollow-soundiDg surface 25 feet above it, which was broken 
by small orifices, puffing steam, lined with sulphur crystals. At times, or 
spasmodically, the mud in tbe middle of this hole was thrown a foot 
above the level surface ; and strewn on the ground near its horded was 
found a number of chunks of sulphur which is nearly pure, being nearly 
all soluble in benzole. A specimen of this mud contained iron, alumina, 
lime, (apparently in small quantity,) magnesia, sulphates, hyposul- 
phites, and sulphur. 

The companion of this mud-spring, south of it, differed from it in no 
respect except by being smaller and puffing like a steam-engine. 

Three water springs of large size were found on the banks andin the 
bottom of one of the mountain streams running into Turbid Lake. One 
of these was remarkable and curious in its violent ejection of hot water 
3 to 5 feet from the midst of a cold, rapid stream. The others (180°- 
182°) gave large flows to the creek from slightly-elevated banks, but 
from the enormous mass of deposit (some nearly pure sulphur) about 
them, I think they will soon become extinct. 

The banks of Pelican Creek, which we followed to its mouth to Camp 
33, presented for the most part very little of importance until a few 
miles from its entrance into the lake, where were found remains of 
extinct springs and a collection of active sources in many respects 
peculiar. 

From a high, large, red bank, flowed into the creek two hot streams 
beginning in little springs, (average 124°,) depositing the same noduled 
masses as some waters at Turbid Lake. One. after flowing a few feet, 
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disappeared tbrougli a small hole in the bank and reappeared 70 paces 
below, when it contioued openly its course to the river. Althoagh a 
few of these springs steamed and gave off the odor of snlphureted 
hydrogen, none bubbled carbonic acid. Curiously, the red bank con- 
tained carbonate of iron. The Indians with us used its material for 
pigment to ornament themselves and horses. It is of mixed consist- 
ency, color, and texture; portions being soft and oily to the touch. 
others bard and irrefragable; from dark to light red, with purple and 
brown intermixed ; compact or loose ; and these differences not owing 
to the depth from which taken. It is partially soluble in water, (chlo- 
rides of lime and magnesia,) partially in acids, (carbonates of iron and 
lime.) A portion of the hardest intermixed witli white, contained : 
Silica, 70 per cent. ; iron, 29.34 per cent. ; lime, .13, with traces of mag- 
nesia. The hard white noduled deposit fix)m the bed of the flowing 
spring, a lew feet from its source, lost on ignition 9.50 per cent, and 
contained 75.55 of silica, with iron and alamina, lime and magnesia. 
A soft green, white, and brown granular specimen, t^akeii from a spring 
near this, lost on ignition 11 per cent, and contained S3 of silica and 
other similar contents. The waters contained iron and alumina, mag- 
nesia, sulphates, and chlorides. 

Here in one of the average (124^^) springs animal life was active. 

Between the mouth of Pelican Creek and Steamy Point, on the shore 
of the lake, is a chain of springs (100^-192°) some steaming, most of 
them with lead-colored deposit and water, all bubbling carbonic acid, 
and only some sulphureted hydrogen. In one I noticed the gases rising 
from small holes similar to those of the springs at Camp 37, and from 
the top of little cones in its bottom. One, (106'^,} the largest, and like 
Turbid Lake a reservoir, babbled along its shore, while its banks were 
filled like it with small active, and remains of small extinct springs. 
One, 20 feet from thelast, 3 feet in diameter, temi>erature 120^^, lead-colored 
deposit, reacted for sulphureted hydrogen, iron, alumina, and soda, 
snlphides, sulphates, and hyposulphites, and became very acid after 
standing four hours. 

Nearer Steamy Point another like series of springs around a bubbling 
pond (76°) exists. Steamy Point, covered with large vegetable gi'owth, 
coDtained a small namber of springs, (184^-192°,) all bubbling violently, 
and a few holes in the side of a rocky bank, from which issued jets of 
steam, but little water, depositing a yellowish-brown on the surfijce. At 
times, irregularly, the puffing steam was more violent than at others. 
The ground about these was insecure, as about the mud-springs. The 
watei^ of one spring, (192°,) lead-colored and slightly acid, (specific 
gravity great,) contained lime, iron, and alumina, sulphur, sulphates, 
and hyposulphites. Its smooth, convex bank, IJ feet deep, was com- 
posed of a soft, green, amorphous deposit, which, after having lost 
most of its water by long keeping, and breaking down into a dry powder, 
lost on ignition 9.01 per cent, and contained a large quantity of silica, 
some sulphur, and the same constituents as the water, excepting the 
hyposulphites. 

From Camp 38 we followed the course of the river, east side, down- 
■stream, through thick timber and by pure springs, and over beautiful 
streams (42°) flowing into the river. Bm route were passed many sul- 
phurous springs also. At Camp 39, which was opposite the head of 
the caiioa, were numerous extinct and active springs, the latter materi- 
ally aiding in the formation of a clear, rapid stream, (70°,) which was 
very acid and astringent, depositing reddish yellow, and running by a 
great mound-shaped bank containing both the active and extinct springs. 
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Its water, taten from below all its sources, contaioed only iron and 
alumina, sulphates and chlorides. It is formed by several groups of 
springs about Camp 39, closely allied, judging by tbe great prevalence 
in all of iron and alum. Two springs in one set north of ua, (156° 
and 158°,) each 1 or 5 feet in diameter, mnddy bubbling contents, with 
no outlet visible, emitting a strong odor of sulpUureted hydrogen, and 
ejecting with it sulphurous-acid gas, contained lime, iron, and alumina, 
magnesia, sulphates, salpiiides, chlorides, and hyposulphites. They are 
surrounded by countless springs and mud-vents of all temperatures; 
the contents of one of the latter, a very large one, are colored like mo- 
lasses, and have in agitation a curious intermittent thudding sound. 
Of the others, the shades are as various as their temperatures, black 
mud and lead, light and deep green, colorless, &c. Six of those with 
light green water, (88°-100'3,) having an outlet, and very acid, gave 
only reactions for iron, alumina, magnesia, (abundant,) sulphates, 
sulphides, (slightly.) Two in the same group had water, blackish, 
(deposit drab-green,} boiling (170°) and bubbling so violently in deep 
oblique holes as to be thrown out in great waves, slightly acid, and 
containing iron and alumina, snlphates, and sulphides. The sulphur 
was hardly appreciable after the water was taken out, but together 
with hyposulphites was deposited in great quantity. 

Another group, separated from the last by a small ridge tilled with 
the remains of springs and apparent geysers, possessed not so many 
springs but all of the same kind excepting one, (14l)0,) ^vhich had a col- 
orless water, more acid than any tested, and contained iron, alumina, 
sulphates, and sulphides, (slightly). 

All of these springs tested emitted sulphurete<i hydrogen, (some 
steam and sulphuronsaoid gas,) the deeper-colored the greater quan- 
tity, but none evolved carbonic-acid gas. The deposits of all coutaiiied 
silica in various though small proportions. 

Sparsely scattered along the east bank of the river at the bottom of 
the caiiou there are some small springs, pouring their water directly into 
the river. Snlphnreted hydrogen was freely emitted from all, earbonic- 
acid gas from only a few. Their salts were the same and as differing 
as those of ihe springs at Camp 39 and on Turbid Lake. One, however, 
was remarkable in being something like a geyser in its action, that of 
ejecting five feet transversely through the air and diiMMitly into the river 
a thin stream from the top of a conical eminence. 

Augtist 10 — Gamp 40 — We found a number of springs on the bank of 
Orange Creek, which where we crossed had a flue appearance, flowing 
rapidly between rocky and timbered hills, over a briglit orange, siliceous 
bottom, though its valley is redolent with odors of sulphurous gases. 
All of these difltbred in temperature ; two of the largest, within a few 
feet of each other, were of 17(P and 196°. The first (green-yellow de- 
posit) sending a blackish water iuto the stream, contained iron and alu- 
mina, lime, sulphates, hyposulphites and sulphides, and silica, which last 
deposited in enormous quantities. 

The largest and most numerous steam-jets we saw in the Yellowstone 
region were found here, in a gap giving egress to a small stream arising 
from them and flowing from the south into one of the forks of Orange- 
Creek. Its sides and bottom, of deep-red and yellow, included about 50 
acres and were filled with hundreds of steam-jets, but contained only a few 
small holes bubbling hot water. Over the greater portion of its surface 
tbe ground w as very insecure, often breaking under the tread and expos- 
ing soft sulphur crystals, from the midst of which issued a new jet. Hard 
chips of sulphur, in very great quantities, are strewn about. Scattered 
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in this gorge on firm foundation were rocks of all sizes, some 50 feet 
high, from beneatli most of which violently puffed steam which depos- 
ited on the roofs sulphur crystals. There were two very large vents, 
whose action could be heard a great distance, that of throwing columns 
of steam from caverns half-way up the declivity, 200 feet into the air. 

These, together with a few others not so large, emitted small, clear 
streams with variegated deposits, which united to form the main one 
through the gap. Water taken about 20 yards from the greatest jet, as 
near as one dared to veuture, had a temperature of lil'^, while the tem- 
perature of the steam issuing from the smaller and accessible vents 
wasl9(P; of the air 59c, it contaiued iron and alumiaa, magnesia, 
probably, and sulphates. 

Six miles from Camp iO on onr trail was fouud a group of springs in 
a ravine the upper half of which was filled with extinct springs, where 
the water flowing through it was potable, the lower half with active 
sources greatly acidifying it. These were (contents, deposits, &c.) ex- 
actly like the lastmeiitioued. Farther on another group similar to that 
about Turbid Lake exists. A large central pond, water 100=*, with an 
ontlet giving a considerable flow toward a small creek, is surrounded 
by many small, clear, bubbling springs with nearly the same variety of 
temperature (860-150°) and with the same deposT^. Near it is a mud- 
hole (40 by 25 feet) in violent agitration, so much so that the mud in its 
center is sometimes thrown 3 to 3 feet in the air — great waves of mud 
being thrown with considerable force against and over its sides — but in 
other respects having the same characteristics as those at Turbid Lake. 

Bo waters of importance were met with during our journey over the 
high divide to the East Fork of the Yellowstone River from the camp 
on which we visited the celebrated Hot Springs at Gardiner's River. 

The region about the East Fork of the latter river is one of great beau- 
ty. The hills are broken by the stream, which nearly the whole distance 
to its mouth runs through ca&ons and over precipices, making fine falls 
constantly exposing their structure of volcanic rock, basalt, and tra- 
chyte, topped by columnar ridges of metamorphic limestone; the falls 
and rapids alternate in quick succession and give life to the s(;ene. As 
we approached the mouth of this fork the Great Hot Springs appeared 
on the west side of the river itself, several miles away, as an enormous 
dirty-white projection from between two hills, looking like the slag-pile 
of a giant furnace. Indeed, one's impression is unsatisfactory even after 
crossing the river at a point facing the springs, and admiration only 
arises when standing almost at the foot of the great mass of terraces, 
hasins, and cascades. 

GKKAT HOT SFRIXGS, GAllDINEIt'S RIVEK. 

As these sjirings have been described and mapped several times as 
well as a few days' sojourn in their locality permitted — for there is still 
a great deal of untouched material of all kinds to be observed and ex- 
amined — I confine myself to a few general remarks. 

Each basin is perfect, excluding such as are in a state of forming, 
composed of crystal-covered walls, from 6 inches to 6 feet high ; its 
sides in columns and consequently its rim scalloped, 1 inch to 5 inches 
thick ; its depth varies 1 inch to 3 feet, its length or breadth from 4 teet 
to 12 feet. Sometimes its material is snow-white, (when it has just been 
deprived of water-supply,) at others grayish, (extinct sometimes,) at oth- 
ers brilliant brown or yellow with green-trimmed edges, (when it contains 
water to its riui, which is either constantly supplied from a main source 
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above, or, if this is cut off, percolates from others in its vicinity, prob- 
ably through its own bottom, siguifying, I think, early extinction.) 
The deposit on their bottoms is as miiltiform as the whole system of 
crystalization. A thin sheet of pure white, loolting like rice-paper and 
breaking to .the touch, is very abundant ; little white spheres i to J inch 
in diameter, with one small opening, their exterior rough, somewhatlike 
a mulberry, interior smooth — also very fragile — exist in all, and in some 
cover completely and form the bottom. Many tubs are filled with cor- 
alloid crystals springing from the bottom and brauebing like trees or 
spreading over the surface in all conceivable shapes. In one basin I 
observed, attached to a beautiful sandy bottom, an abundant, very thin 
gelatinous growtli 3 inches high, shaped like a mushroom, and of the 
same bright yellow color as the oscillating silky substance found more 
frequently. The white deposits are sheetsof lime, (mainly,) rapidly pre- 
cipitated, beneath which become entangled bubbles of rising gas which 
slowly molded the spheres. Other forms are accounted for by crystaliza- 
tion and deposit of the contents of the water, sometimes modified by 
intermixture, with minute organic matter, or even by the presence of 
large growth, as twigs and leaves blown into a basin. 

The colors of the granular contents of many bottoms differ wonder- 
fully ; white, violet, pink, tiesh-color, brown, red, green, yellow, &e. As 
noticed by observers before, the basin temperatures were curious, often 
those of two lying together differing 30° to 40°, and the colder, though, 
in general, not always the farthest removed from its source. Of these 
the lowest I took was 70°, the highest 144°, with all shades between. 

Between basins are smooth covered slopes, which eontiibute mostly to 
the general cascade appearance. They are nearly pure white when the 
water is falling over them. Their structure is as various and as won- 
derful as that of the basins — generally small radiating crystals giving 
the mass an asbestos-look, (when the water flows over it from basin to 
basin ;) sometimes a smootii surface becomes rugose by ripples coursing 
in all directions, (abundaut specimens among the extinct springs;) 
sometimes the exterior is shaped like scales overlapping each other- 
mailed. Often these slopes terminate abruptly withoutconnectingwith 
a basin below or with a more horizontal surface ; their under surface, 
then, is composed of small, many-colored stalactites, finely fringed, and 
having the appearance of wings, feathered horns, &c. Seetionsof level 
floor have the same structure, forms, colors, &c., but are thicker and 
have larger stalactites beoeatb. The temperatures of the sources taken 
last year do not differ materially from those tabulated by Dr. A. C. 
Peale, (Hayden's report for 1872,) excepting one, which we succeeded, 
after considerable trouble, in taking at the center where the water was 
violently agitated and thrown a foot or more high, (So. 22, 9th ter- 
race of Peale); — it was found to be then 164°. All of the springs on 
all of the terra«es evolved carbonic-acid gas, sulphuret«d hydrogen, 
and vapor, all in different proportions. The water of one little spring, 
on the 12th terrace, (150°,) alum taste and acid, contained silica, lime, 
magnesia, iron, alumina, carbonates, (slight,) sulphates, sulphides, and 
chlorides. The water of the springs (13th terrace) flowing from geyser- 
like tubes on the largest mound contained silica, lime, iron, carbonates, 
chlorides, and sulphides. There was no spouting, during our stay, from 
any of these, as witnessed by Peale in 1871, although now and then a 
rumbling sound from beneath the mound or the more violent gurgling 
of one or two sources seemed to threaten such an eruption. 

A deposit, yellowish -green, scraped from the surface of one of these 
mound-springs, nearly all soluble in water, contained very little silica. 
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iron and iilumiDa, lime and magnesia, carbonates, hyposulphites, sul- 
phates and sulphides. The white deposit of extinct springs near the 
" Liberty Cap" reacted for carbonic acid (very abundant) and lime, with 
a trace of iron and very little silica. 

A pure white deposit (powder) of one of the springs on ihe 11th ter- 
race contained lime and magnesia, carb&nates, trace of iron, trace of 
sulphur, and very tittle silica. 

August 23 — Camp 44. — Before reaching this point a camp was made on 
Cascade Creek, which is of no special interest outside of its beautiful 
fall into the Yellowstone Eiver. Ijeaving it and the falls of the river, 
we passed the locality named Mud Volcanoes, where were a number of 
springs of the same class as and similar to Turbid Lake. Here, flowing 
into the river, is a small creek, ( Alnm f) which we followed to near its 
sonrce in the Uttle divide between the Yellowstone and the Madison, 
(Firehole.) All along its banks were hundreds of boiling and bubbling 
springs and remains of extiuct ones, all of which may be classed with 
the last, although there is a greater profusion of clear aluru-springs 
evolving oidy sulphureted hydrogen, intermixed with the others, than 
elsewhere. One, near the head of the stream, was for the most part 
walled (6 feet high) by its deposit on small timber, which, partially sili- 
cifled, gave it the shape of a yellowish-brown snaggy cone. Although 
not exactly like a geyser, it nevertheless threw constantly its water (194°) 
with great violence against its sides and 8 feet into the air. It contained 
lime, iron, alumina, magnesia, sulphides, sulphates, aud chlorides, and 
evolved do carbonic acid but sulpliureted hydrogen. All of the springs 
surroonding it, very numerousand close together, evolved carbonic-acid 
gas, but, strangely, some of them only it and sulphureted hydrogen. 
The creek above, besides being supplied by many small springs (100°- 
180^} on its banks, coutaius in its bed many bubbling carbonic-acid gas 
but no sulphureted hydrogen. 

The temperature of the running water here was 84°. However, a 
tread or the mere piercing with a stick of its sandy bottom anywhere 
within one-half mile, started a thin, hot, and unbearable stream contain- 
ing carbonic-acid gas, but no sulphureted hydrogen ; of course, as its 
flow was only momentary, its relative temperature could not be got, but 
the temperature of the surface-sand where no visiblespring existed was 
the same as that of the water, 84°. Above the point where camp was 
made and where this phenomenon gradually disappeared, the water of 
the creek was pure and potable. 

Cawp 45 — August 2i — in Lower Geyser Basin, and on a little pure 
stream running into the Firehole River. On the hill back of this camp, 
100 feet above the open-geyser area, and surrounded by a large growth 
of timber, was found a number of springs, which for beauty exceeded 
all in this locality ; some large, perfect-shaped funnels, 20 to 50 feet in 
diameter, at the bottom of which, through the transparent water, could 
be seen the orifices proi)ortionately as large as the spring, (largest having 
one of about 1 foot diameter,} venting great babbles of carbonic-acid gas 
and vapor. From any point, whether as one approaches them or is 
directly m'er them, their bright aznreeolor strikes one even more 
pleasantly than the sources (21-32, Peale) on the terraces (9th, 12th) of the 
Hot Springs at Gardiner's Kiver. This color is not entirely due to sky 
reflection,but partially to the mixed eolorsof the deposits. Afewdeposits 
were iron-rust, drab, yellow, red, &c., and these were always semi-plastic 
coatings, (silica just deposited,) which, as they became exposed to the 
air, hardened. Sometimes the mouths at the bottom were oblique, 
cavernous-looking holes. A few are surrounded by walls a few feet 
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higb, and evidently are, or were, geysers. One spring, (102o,) evolving 
only carbonic-acid gas, differed from the rest in its sides, not sloping 
toward its center, bat uniformly away from it and under its banks, and 
was apparently bottomless. 

In tlie most active (geyser) space, the surface surronnding each basin 
or geyser for 100 yards or more is composed of white, scaly, siliceous 
deposits, is mound-shaped, gently rising a few feet, and only broken here 
and there by water trickling down. Frequently at the base there are 
traces of little basins, something like those at Gardiner's River ; at the 
top they exist whole, but never more than 3 to 4 inches deep, thus in 
some measure giving to the whole a terraced appearance. The top 
contains the spring or geyser, averaging in this basin 10 to 30 feet 
across, irregularly shaped, often like the coutonr of the human ear, and 
bordered generally by a corrugated elevation of 2 to 3 inches of various 
beautiful and brilliant colors. On looking into the limpid water from 
the rim one can see that he is standing on a thin projecting shelf. The 
water is constantly boiling and steaming in oue or two places, and bub- 
bling great gas globules over the rest of the surface ; these were car- 
bonic acid and sulphureted hydrogen. In one case I succeeded in taking 
the temperature when the geyser was in action, throwing water 30 feet, 
and found it to be 200°. 

In the Lower Basin there are very few springs with rims elevated more 
than 2 to 3 inches ; one, however, was about 12 feet high, dome-shaped, 
having no water visible, but constantly puffing steam, and only inter- 
mittingly ejecting water 5 feet. In all cases in both basins where so 
great a deposit had formed as to hide from view the water, the internal 
border of the orifice was composed of from 4 to 10 beautiful rounded 
surfaces covered with little crystals of whit«, yellowish, drab, &c. ; some- 
times surrounding the base of these are small holes, vent probably, giv- 
ing issue to steam and an occasional spurt of water. 

The water of the geyser mentioned above (30 feet) contained silica, 
iron, alumina, lime, magnesia, (trace of,) sulphates, carbonates, chlorides, 
and sulphides. A specimen Drought home to obtain the quantity of 
silica for thepurposeof comparing with alike specimen from the Upper 
Basin was unfortunately lost. 

The Upper Geyser Basin differed from the Lower in greater activity 
and larger deposits. As the manner and periods of eruptions of geysers 
have been described and noted, and as our stay was so brief that few 
observations only could be taken, I refer you to these descriptions : 
Doane's, Barlow's, Hayden's, &c., and to Prof. T. E. (Jomstock's col- 
lated tables.* 

" Old Faithful," the most notable for its having furnished the best 
opportunities for transient observations, ejects water containing .14 
grammes silica to the !itre,t lime, a very small quantity of iron, alumina, 
and magnesia, carbonates, sulphides, chlorides. The pools at the base 
of its mound are filled with water, lowering between the eruptions to 70=', 
while those abont the vent (containing pebbles) retain a great deal of 
heat, varying according to proximity. In some of the latter, just pre- 
vious to an eruption, the thermometer showed 1220, 130°, 138°. 

The water of a spring or geyser, (not determined,) at the opening of 

' FMeSclentiflo Value of Yellowstone Park, by T. B. Comstoek, B. S., Geologist, &c., 
in American Katnralist, vol. viii, February, 1874. 

i The gejser water of Iceland contains 5.40 parts of silica in 10,000 parts of water, 
tbe remainder of the total (10.75) constituents bein^ soda principally, (2.74.) In all 
Yellowstone geysers tbis base appears to be replaced by lime, tliere being traces 
only of soda. 
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the Upper Basin on the trail along Firehole Eiver, witb a drab, nodu- 
lar deposit, contaiued iron and alumina, magnesia, carbonates, chlorides 
and snlpbides, but uo trace of lime. 

By analysis tbe gejserites of the Upper Basin do not differ essen- 
tially from each other in the quantity of silica they contain ; the loss 
on ignition, however, is comparatively small when the specimen is old or 
taken from the lower layers. Firfe Doctors Endlich's and Peale's analyses 
in Hayden's Eeport for 1872. The results obtained from four analyses 
since our return are nearly the same as those. I think it, therefore, 
proper to note only that one of my specimens, a piece which was fonnd 
broken off for some time from the rim of a little geyser near the 
" Giantess,'' and lying loose some distance from it, with a velvety, drab 
surface and interior of pearly luster, lost on ignition C per cent., and 
contained 93 per cent, of silica. It thus closely resembles in analysis 
the opaloid, stratiform specimen No. 2 of Doctor Peale, (p. 154 Hayden's 
Report 1872,) though in description is more like No. 1. However, it 
has only traces of iron, the remainder consisting of magnesia and lime- 
Camp 48, August 28, on west shore of Yellowstone Lake. Two miles 
of the shelving beach here are filled with thermal springs, which extend 
a mile back of the lake, with characters generally like those in the Fire- 
hole Valley. Many of them are walled high, or are on conical emi- 
nences — two perfect ones in the waters of the lake, some distance from 
shore. The temperatures range from 7(P to 18<P, and all evolve car- 
bonic acid; a few only, sulphureted hydrogen. One (80°) whitish- 
water, like slaking lime, clay-colored deposit, and slightly acid, contained 
sdica, (very little,) iron, alumina, lime, magnesia, sulphates, sulphides, 
and chlorides. Another, near it, (160°,) evolves water, drab deposit, 
slightly acid, reacted only for iron and alumina, sulphates, and chlorides. 
Another, (100°,) with reddish-brown, soft, gelatinous, follicular deposit, 
evolving carbonic acid, contained soda, lime, magnesia, iron, alumina, 
silica, sulphides, chlorides, and sulphates. This group can be classed 
with the springs of the Firehole Valley ; whether any active geysers 
are among them hasnot been determined. 

In our course around the southern shore of the lake and up the Yel- 
lowetone Kiver there were no springs except pure mountain, among 
them the source of "Two-Ocean Pass." 

On the picturesque slopes of the Snake Eiver sources occurred many 
springs, but of no especial interest. The springs at Heart Lake were 
not visited. On tbe north side of the fork of Wind Eiver, which we 
followed to Camp Brown, was (September 8) a small, cold, sulphurous 
spring, like those in the foot-hills of the Wind Eiver Mountains at 
Camp Brown. 

In conclusion, the difBculties of fleld analyses in so new and interest- 
ing a section as the Yellowstone Basin will bo remembered. The im- 
perfect means of transportation (pack-animals) for instruments was 
often a not unforeseen cause of disappointment and annoyance in all 
the departments of science represented. As an instance, you will rec- 
ollect the previously-prepared means to measure the gases at the 
sources, and in failure thereof to imprison them for subsequent labora- 
tory insi>ection. Both efforts were fruitless: the first on account of 
breakage of glassware long before our entrance into the valley ; the 
second for the reason that the manner of collecting and sealing in the 
open air was iHjt well understood by myself, and though repeatedly tried 
was only partially successfnl — so little, I ought to say, that it was 
always found worthless in result, estimating the exact quantity of free 
gas. The importance of a correct knowledge of this is appreciated not 
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only by medical liydrologists, but more so, probably, by geologiata and 
physicists; for no one who has witnessed the character of geyser-action 
can fail to suspect an immense influence of snbt«rranean gases (espe- 
cially carbonic acid) as a motive-power. 

Moreover, before starting, through the Ithidnesa of Surg. J. B. Brown, 
U. 8. A., medical director of this department, reagents of all kind*— 
a complete outfit — were supplied for qualitative analyses ; for it was 
very well known that quantitative analyses could not be made on account 
of oar rapid transit and the abundance of material. Indeed, much 
more than was required was taken with us, and, consequently, much 
that under the circumstances became a useless burden : several ex- 
periences, in other words, are necessary to select what is necessary. In 
this connection, should any new student in this field (open-air chemistry, 
under similar circum stances) desire to know what is or is not requisite, 
I will be glad to furnish him the needed data, since, after discovering 
the unwelcome facts, I took pains to note wants and superfiuities. 
However, in anticipation of imperfect work, means were suspected and 
amply taken to bring back waters, deposits, &c Of the waters (60 
specimens in pints) only 20 were brought unbroken to the Union Pacific 
Railroad, and these, through some oversight or unexpected delay, were all 
frozen and rendered worthless before reai^hing Omaha. As an instance, 
one specimen of geyser-water from the Lower Basin, brought for the 
purpose of comparison (silica) with that of the Upper Basin, had frozen 
and was mostly lost, and what remained had deposited all of its silica, 
as no reaction tbr it could be obtained. 

In consequence of thesedifflculties experienced, and many othersunfore- 
seen, of the great scientific value in innumerable respectsof the Yellow- 
stone region, I fear that much that is now passing there will remain 
unobserved until such times as the permanent residence of observers is 
secured by appropriations by the Government, and their material pre- 
served likewise by a properly-paid superinfendency. 

Chemical analysis comes in particularly for mention in assistance to 
geology* and to medical hydrology, a much-neglected bianch of medi 
cine in the United States, except when for the benefit of this or that 
corporation or landholder. 

Prom my own imperfect analyses, I would classify the thermal points 
of the Yellowstone Basin as follows, premising that no definite sjstem 
(prevalence of an acid, gas, or base) has been copied,t and that the num- 
erous springs in the localities mentioned are merely generalized and do 
not exclude some with them possessing other characters : 

For the localities see context. 
Neutral and containing — 1 Turbid Lake. 

1. Carbonic acid and > East shore of Yellowstone Lake. 
Sulphureted hydrogen. > Eight miles from Orange Oreeb. 
Acid and 1 Opposite head of Yellowstone Eiver. 

2. Sulphureted > Canon (falls) east side of river. 

hydrogen only. ) Orange Creek springs, six miles from Orange Creek. 

'Fide Geology of Sortliweatern Wyoming, by Theo. B. Comstock, B. 8., American 
Jonmal of Science aniJ Arts, vol. vi, December, 1873. 
tBarranIt— Eaax minetales — is probably the beet to use because the latest. 

1. Chlonnee8odiqaeB,(6dm8iona.) 
S, Bicaibonates, {3 diviaions.) 

3. Snlphates, (4 diviaions.) 

4. Sulpburenaes, (2 diviaioua.) 

5. Ferrnginenses, (4 divisiooa.) 

Othera,likeDvmglisou,(Diotionary, art. Waters, Mineral,) or Nyston, (DicfiouniireriB 
Mfidicine, &o., art. Eaus minerales,) classiiy, 1. GaBeous or acidulous. 2. Chalybcaie. 

3. Saline. 4. SulphureouB. 

H. Ex. 285 20 
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. ' , > Pelieau Creek springs, six miles from its mouth. 

Lime and 1 

4. Carbonic acid, > Gardiuer'a Eiver. 

marked. j 

5 ^and^silfca'^ I ^^^^^^ region {Fire Hole Valley,) west side Yellowstone 
'mark^!'' ' ) ^'^''^- 

Prom a therapeutic point of view, as there is no recognized system 
attainable, and elaborate chemical {quaotitative) analyses aud medical 
observationsarenecessarji'itisdifficnltto make comparisons with other 
well-known sources. Barrault says that " the appreciation of springs 
is like the science of physiognomy ; two sour'ies may have the same 
constituents in close proportions without bein'^ identical from a thera- 
peutical point. In consequence, every analysis must be considered only 
as relative. Nevertheless, the chemical constitnents of a water, the 
prevalence of one element over another, its temperature, balneo-th era 
peutical means, the climatology of its position, are very valuable indices 
to the physician in the selection of a water." In this connection 
Nysten (Dictionoaire art. cit.) remarks of salphureted waters particu- 
larly, that they are the most difScult to imitate, and although their 
composition is now well known, nevertheless there is something outside 
of chemical analysis which is not understood, for the manufactured 
waters do not have exactly the same eflfect as the natural. 

I made several attempts to experiment on the effects of different 
springs, but as the time allowed was short, nothing was determined. 

Garfiuer's River prings (external use) seemed to alleviate chronic 
rheumatism, and, no doubt, would by protracted use cure some forms 
(syphilitic ?) of dermatoses ; both believed by residents and the invalid 
visitors fix)m Montana. 

However, taking the points mentioned by Barrault, I would suggest 
the probable relation of the following springs to well-kuown sources : 

1. All those which emit carbonic-acid and sulphureted-hydrogen 
gas, (lose sulphureous principle on keeping,) to Aix-la Chapelle. Mein- 
berg, (Lippe-Detmold,) in chemical constitution, but not in thermality. 
Virginia springs, (White Sulphur.) 

2. All those which give off sulphuretted hydrogen in great quantity, 
to Bariges, Canterets, Baguols, (Lozfere.) 

3. Iron-marked, to all sulpbated chalybeate springs, except in tem- 
perature, as none but cold springs of this class exist elsewhere. 

4. Carbonic acid and silicia-marked, to Rockbridge springs (Virginia) 
in constituents and effects. 

5. Lime and carbonic acid, to Carlsbatl, (Bohemia,) in thermality and 
effects, as the incrnstating base of the latter is soda instead of lime. In 
constituents to Saint Galmier, (Loire.) 

By all patients advised or inclined to be hydropathieally treated, it is 
thus seen that the Yellowstone Basin offers all the means, as far as 
chemical constitution is concerned, with the exception of the uiiproven 
existence of manganese, bromine, iodine, and arsenic. The latter ele- 
ment was more than once suspected, but in the hurry tests for all were, 
unfortunately as the event showed, reserveil for a more thorough labor- 
atory analysis. The infinity of springs in all parts, and their great 
flow, their variety of temperature, any shade of which can easily be got 
at different points from their source, the facility for all methods of treat- 
ment, (inhalation, water-bath, vapor-bath, drinking, douches, &c,) are 
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remarkable — probably no resort in the world comparing with this 
region. 

A tew objections only occur: one, that of the hygienic action of the 
position. This is defined by Barranlt as the inflaenceof altitude, climate, 
temperature, (relation to water,) &c. 

"Reference to the meteorological tables will explain the unfitness of 
this region except for non-debilitating diseases, those of the cutaneous 
and lymphatic systems of the skin, scrofulous {but not tubercular) dis- 
orders, rheumatisms, and articular maladies. For a-stlimatic diseases, 
bronchial catarrhs, and some forms of dyspepsia; for phthisis, mala- 
rial sequolai, &c., it is evidently inappropriate, and for an additional 
reason, that of the debilitating result of even a few days' inhalation 
of the sulphureous air about springs — a constantly-noted fact by many 
members of your party. At present there is one other objection, reme- 
diable, that of the expensive accessibility to invalids of this basin, this 
to be corrected only by a direct road from the Union Paciflo Railroad, 
and suitable measures for their retention. 

Very respectfully, your obedient servant, 

C. L. HEIZMASN, 
Assistant Surgeon IT. S. A. 

Capt. W. A. JOHES, U. S. Engineers. 
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BOTANICAL REPORT. 



Hv Dh. C. C. P^hi 



LIST OF PLANTS COLLECTED. 

Dear Sie: Tbe following comprises a list of the plants collected on 
the route of the Korthwestern Wyoming expedition, under your com- 
mand, during the season of 1S73. 

The unmhers affixed are those under which the collection has been 
distrihnted to the principal herharia of this country and Europ& 

A general sketch of the hotanical features of the country passed over, 
■with notices of rare plants and descriptions of the new species collected 
ou the expedition, has been published by your permission in the Ameri- 
can Naturalist, being included iu consecutive numbers of vol. viii, for 
January, February, March, and April, 1873. 
Eespectfully. your obedient servant, 

C. C. PAIIEY. 

Capt. W, A. Jones, 

Engineer Corps, U. S. A. 

Davenport, Iowa, April 1, 1874. 

BOTANICAL IJST. 
No. 1. Clematis Douglasii, Hook., Camp Stambangh, June. 
No. 2. Aquilegia fiaveseens, Watson, Yellowatoae Park, August. 

Ai^il^a eterulea-, Torr., Owl Creek range, July. 
No. 3. Aquilegia Jonesii, n. sp., Owl Creek range, July. 
No. 4. Delphinium Menaiesii, DC, Fort Bridger, June. 
No. 5. Delphinium amureum, Michx., Wind Eiver, July. 
No. C. Sanunculm occidentalism Nutt., Little Sandy, June. 
No. 7. Ranunculm fiamula, L., Stinkingwater, July. 
No. 8. Ranunmlus glab&rrimus. Hook., Stinkingwater, July. 
No. 9. Anemone muUiJida, DC, Owl Creek, July. 
No. 10. Trollius laxus, Salisb., "Wind Eiver range, July. 
No. 11. Myosurus minimus, L,, Snake Eiver, September. 
No. 12. Thalietrum alpinum, L., "Wind Eiver range, July. 
No. 13. Stanleya tonientosa, a. sp.. Owl (Jreek, July. 
No. 14. Stanlejia mridiflora; Nutt., Wind Eiver, July. 
No. 15. Draba mntosa, Gray, n. sp.. Snake Pass, September. 
No. 16. Draba alpina, var. densi/olia, Pacific Springs, June. 
No. 17. Smeloirsiia calycina, Mey., Stinitingwater divide, August. 
No. IS. Arabis canescens, Nutt., var., Sweetwater, June. 
No. 19. Sisymbrium juneeum, Bieb., Green Eiver, June- 
No. 20. Veaicaria alpima, Nutt., Orten Eiver, June. 
No. 21. Fesicana Xwdonictowa, DC, Wind Eiver, July. 
No. 22. Capsella diearieata, Walp.. Little Sandy, June. 
No. 23. L^dium jnontanum, Nutt., South Pass, Juue. 
No. 24. Tkelypodium sagittatum, Endl., Fort Stanibaugh, June. 
No. 25. Pkysaria didymocarpa, Hook., Bed Canon, July. 
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No. 20. Nasturtium lyratum, Futt., Yellowstone, Augaat. 

No. 27. Subularia aquatica, L., Yellowstone Lake, August. 

No. 28. Arabia Drummondii, Gray, Stiukingwater Pass, August. 

No. 29. Sisymbrium caneacens, Nutt., Stinkiagwater, August. 

No. 30. Arabis caiiescen*, Nutt., Stiukingwater, August. 

No. 31. Draba alpina, L., Stinkingwater, August. 

No. 32. CleoTOB aurea, Hook., Green River, June. 

No. 33. Viola Nuttallii, Pursh, Wind Eiver, July. 

No. 34. Viola Nuttallii, var., Stinkingwater, August. 

No. 35. Armaria FranMinii, Dougl., Wind River, July. 

No. 36. Arenaria Sookert, Nutt., Wind River, July. 

No. 37. Armaria congesta, Nutt., Wind Kiver, July. 

No. 38. Arenaria pungens, Nutt., Stinkingwater, July. 

No. 39. Armaria arctica, Steven, Owl Creek, July. 

No. 40. Arenaria Bo8»ii, R. Br., Owl Creek range, July. 

No. 41. Cerastium arvense, L., Owl Creek, July. 

No. 42. Lychnis Drummondii, Watson, Owl Creek, July. 

No. 43. J^cAmm Ajanemis, Regel., Owl Creek range, July. 

"So. 44. pragma umbellata, Torr., Stinkingwater, August. 

No. 45. Leicisia redimva, Pursh, Wind Eiver, July. 

No. 46. Calandrina pi/gmea, Gray, Wind River, July. 

No. 47. Oaiyptridium roaeum, Watson, Green River, June. 

No. 48, ^Awralcea aeeri/olia, Nott., Snake River, September, 

No. 49. Mhamnus atnifolius, L. Her., Stinkingwater, July. 

No. 50. Lathyrua linearis, Nutt., Wind Kiver, July. 

No. 51. Thermopais falHmea, var., monitma, Gray, Big Sandy, June. 

No. 52. Lupinu^ pimlltis, L., Green River, June. 

No. 53. jAipinus minimus, Doug., var., Stinkingwater, August. 

No. 54. Lwpinus nericetts, Pursh, (I) Wind Eiver, July. 

No. 55. Lupinus argenleus, Watsou, Wind River, July. 

No. 56, I/upinua argenteus, var., Yellowstone, August. 

No. 57. Lupinns emspitostis, Nutt., Stinkingwater, July. 

No. 58. Lupinus ecespitoam, Nutt., var., Yellowstone Falls, August. 

No. 59. Sedgsarum, boreale, Nutt., Owl Creek range, July. 

No. 60. Hedysarum Mackenziei, Rich., Wind Eiver, July. 

No. 61. THfolium ffgmnocarpon, Nutt., Green Eiver, June. 

No. 62. Trifolium Andiimm, Nutt., Ham's Fork, June. 

No. 63. Trifolium longipes, Nutt., Sweetwater, June. 

No. 64. IHfolium daayphyllum, T. and G., Wind Eiver, July. 

No. 65. Astragalus ventoruMj n. sp.. Gray, Wind Eiver, July. 

Astragalus megacarpus. Gray, Camp Brown, July. 
No. 66. Astragalus sericoleucua, Gray, Wind Eiver, July. 
No. 67. As^agalus triphyllus, Pursh, Owl Creek, Jal,y. 
No. 68. Astragalus aimplicifolius. Gray, Green River, June. 
No. 69. Astragalus ciespitoaus, Nutt., Stinkitig water, July. 
No. 70. Astragalus Misaourimsia, Nutt., Wind River, July. 
No. 71. Astragalus gtabriuseulus, Gray, Wind River, -Tuly. 
No. 72. Astragalits lotijlorua. Hook., Wind Eiver, July. 
No. 73. Astragalus Oeyeri, Gray, Green Eiver, June. 
No. 74. Astragalus PursMi, Doug., Green River, Jane. 
No. 75. Astragalus flavus, Nutt., Green River, June. 

Astragalus Orayi, n. sp., Stinkingwater, July. 
No. 76. Astragalus pubentissimus, Nutt., Green Eiver, June. 
No. 77. Astragalus Shortianua, Nutt., Green Eiver, June. 
No. 78. Astragalus kypoglottis, L., Green Eiver, June. 
No. 79. AstrainduH ylareosua, Dougl., Green Eiver, June. 
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Ko. 80. Astragalus juncem, Nutt., Green Kiver, June. 

Wo. 81. Astragalns campestris, Nutt, var., Dry Sandy, June. 

No. 82, Astragalus microcystis, Gray, Stintingwater, July. 

No. 83. Astragalus microcystis, var., Stiukingwater, Jnly. 

No. 84. Astragalus oroboidss, Hornein., Stinkiugwater, July. 

No. 85. Astragalus Kentrt^hyta, Gray, Stinkiugwater, July. 

No. 86. Oxytropis campestris, L., var., Green Etver, June. 

No. 87. Oxptropis campestris, L., var., Yellowstone, Angnst. 

No. 88. Ox^tropis campestris, L., var.(ll), Owl Greek, July. 

No. 89. Oxytropis viscida, Nutt.(?), Wiod itiver, July. 

No. 90. Oxylropis LamberU, Parsh, Wind River, July. 

No. 91. Ojoytropis Lamherti, Pursh, var., Yellowstone, August. 

No. 93. Oxytropis lagoptts, Nutt., Pacific Springs, June. 

No. 93. Spirwa beti^foUa, Pallas, Yellowstone, August. 

No. 94. i^irwa etespitosa, Nutt., Owl Creek range, July. 

No. 95. Purshia trideatata, DC, Pacific Springs, June. 

No. 96. Ivesia Qordoni, Gray, Stinkingwater Pass, August. 

No. 97. PotentiUa Plattensis, Nutt., Stinkingwater Pass, August. 

No. 98. Famassia fimhriata, Banks, Stinkiugwater, July. 

No. 99. Heuchera eylindrica, Dougl., Stinkingwater, July. 

No. 100. Saxifraga Jamesii, Torr., Owl Creek range, July. 

No. 101. Samfraga debilis, Bngel., Owl Creek range, July. 

No. 102. Mitella trifiAa, Grab., Stinkingwater, July. 

Ho. 103. Tellima tenelUi, Bentk. & Hook., Sweetwater, June. 

No. 104 Sibea cereum, Doug!., Sweetwater, June. 

No. 105. Sibes lacustre, L., Yellowstone, August. 

No. 106. Sibes setosum, Dougl., Yellowstone, August, 

Ho. 107, Sibes leptanfhum, Gray, Wind River, July. 

No. 108. Bibes viscossissimtim, Parsh, Yellowstone, August. 

No. 109. Sibes bracteosum, Dougl., Wind River, July. 

No. 110. Epihbivm alpinum, L., StiQkingwater, Jnly. 

No. 111. (Enothera Andina, Nutt., Green River, June. 

Ho. 112. (Enotlwra scapoidea, Nutt., Green River, June. 

Ho. 113. (Enothera breviflora, Hutt., Yellowstone, August. 

Ho. 114. (Enothera cwspitosa, Nutt., Green River, June. 

No. 115. Zauschneria (jalifomica, Presl., Stinkiugwater, July. 

Ho. 116. Bupleurium Sanunculoides, L., Yellowstone, August. 

Ho. 117. Cymc^terus montanus, Nutt., Green River, June. 

No. 118. Carum Gardineri, Benth. & Hook., Stinkingwater, July. 

Ho. 119. Peucedanum leiocarpum. Hook., Yellowstone, August. 

Ho. 120. Fmicedanum , (?1, Stinkingwater, August. 

No. 121. Ligustiewm s&^ulorum. Gray, Yellowstone, August. 

No. 122. Vymopt^rus am,isatu8, var., Gray, Wind River, July. 

No. 123. Cymopterus Fmdleri, Gray, Green River, June. 

No. 124. Valeriana dioica, L., Stinkingwater, July. 

No. 125. Kellogia galemdes, Torr., Stinkingwater, July. 

No. 126. Aster Parryi, n. sp., Gray, Green River, June. 

No. 127. Aster puleliellas, D. G. Eaton, Yellowstone, August. 

Ho. 138. Aster adscend&ns, Lindl., "Yellowstone, August. 

Ho. 129, Aster montanus. Rich., Snake River Pass, September. 

Ho. 130. Aster conspicuus, Lindl., Yellowstone, Angnst. 

No. 131. Aster integrifolius, Nutt., Yellowstone, August. 

Ho. 132. Mackteranthera canescens, Gray, Yellowstone, August. 

Ho. 133. Aster elegans, Nutt., Yellowstone, August. 

No. 134. Aster Engelmanni, Gray, Yellowstone, August. 

No, 135. Erigeron urstnum, D. C. Eaton, Yellowstone, August. 
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]So. 136. Urigeron compositum, Pursh, Greeu Eiver, Jnne. 

Ko, 137. Urigeron radimtus, Hook. (?), Wind Eiver, July. 

No. 138. Urigeron radicatus. Hook., var. (?), Wind Eiver, July. 

No, 139. Brigeron canescms, Hook., Wind Eiver, July. 

Ho. 140. JErigeron con^^nmti, T. and Gr., Green River, June. 

No. 141. Holidago Virga-aurea, L., Tellowstoue, Augnst. 

No. 142. Townaendia spathulata, Niitt., Wind Eiver, July. 

Ho. 143. To^onsendia strigosa, Nutt., Wind Eiver, July. 

No. 144. Townaendia Farryi, n. sp., D. C. Eiiton, Wind Eiver, July. 

No. 145. Totunsendia ^atkulata, var. (^), Stinkingwater Pass, August. 

Towfnsendia condensata, u. 8p., Washake's Needles, July. 
No. 146. CluBnaeUs Douglasii, H. and A,, Green Eiver, June. 
No. 147. Chrysopsis ftispido, Hook., Yellowstone, August. 
No. 148. BaMa Cucophylla, DO., Stinkingwater, July. 
No. 149, Aphpappus inuhides, Nutt., Wind Eiver, July. 
No. 150. mikuria integr^oUa, n. sp., Gray, Wind Eiver, July. 
No. 151. Grindelia sqmrrosa, Dunal., Wind Eiver, July. 
No. 152. EudbecMa occideatalis, Nutt., Snake River, Septemlier. 
No. 153. Arnioa Farryi, n. sp., Gray, Tellowstone, Augnst. 
No. 154. Arnica angmUfolia, var. {!), Yellowstone, August. 
No. 155. Arnica angwsUfolia, var. (!), Fort Stambaugli, Jnne. 
No, 156. Arnica longifolia, D. 0, Baton, Snake Eiver Pass, September. 
No. 157. Acfinella aoauliSf Nutt., Stinkingwater, July. 
No. 158. AoHnella grandifloru, T. and Gr., Wind River, July. 
No. 159. Gosmidium gradle, T. and Gr., Green River, June. 
No. 160. Tetrad/gmia ea/nescem, var. iTi^-mis, Nutt., Green Eiver, June. 
No. 161. Aplopappm suffruticoaus. Gray, Yellowstone. August. 
No. 162. Aplopappm aca»lis, Gray, Green River, June. 
No, 163. Aplopappm Hfuttallii, T. and Gr., Wind River, July. 
No. 164. Aplopappm mulMcauUs, Gray, Wind River, July. 
No. 165. Bal^amorhiza Hooketi, Nutt., Pacific Springs, June. 
No. 166. Balsamorhim sagittate, Nutt., Wind River, July. 
No. 167. Senecio amplectens, var. taraxtcddea, Gray, Yellowstone, Aug. 
No. 168. Senecio Fremontii, Gray, Stinkingwater, Jnly. 
No. 169. Senecio cantis, Hook,, Yellowstone, Augnst. 
No. 170. Senecio Andinm, Nutt., Yellowstone, August 
No. 171. Senecio lugens, Eich., Yellowstoue, August. 
No. 172. AntennariadimorpM,'Satt.,QTe6a River, June. 
No. 173. Antoiinaria dioica,, Gaertn., Owl Creek, July. 
No. 174. Antennaria lueuloides, Torr. and Gray, Stinkingwater, July. 
No. 175. Antewnaria alpina, Gtertn., var. (1), Stinkingwater, July. 
No. 176. Antennaria Carpathica, R. Br., Wind Eiver, July. 
No. 177. Antennaria racemosa, Hook., Stinkingwater, July. 
No. 178. Tanaeetum eapitatum, Nutt., Wind River, July. 
Nf), 179. Tancwetum NutUilUi, T. and Gr., Wind Eiver, July. 
No. 180. Artemesia pedaUJida, Nutt., Green Eiver, June. 
No. 181. Artemesia spinescens, D. 0. Baton, Green River, June. 
No. 182. Artemesia inconipta, Nutt., Owl Creek, Jnly. 
No. 183. Artemesia acopulomm, Gray, Yellowstone, August. 
No. 184. Artemesia Imdovidana, Nutt., var., Yellowstone, August. 
No. 185. Troximon pamijlorwm, Nutt., Green Eiver, June. 
No. 186. Macrorrhyncktis glausus, D. C. Eaton, Green River, June. 
No. 187. Troximon auranUacum, Hook. (?), Green River, June. 
No. 18S. Sieradum ScouUri, Hook., Yellowstone, August. 
No. 189. Stephanomeria paniculata, Nutt., Stinkingwater, July. 
No. 190. Crtpia adnminata, Nutt., Wind Eiver, July. 
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No. 191. Cr^ia oceidmtalis, Nutt., Wind Kiver, July. 
No. 192, Porterella camulosa, Torr., Tellowstoue, August. 
No. 193. Bryanthus Empetriformu, Gray, Stinkiugwater, July. 
No. 194. Ledum glandulosuni, Nntt., Tellowstoue, August. 
No. 195. QauUlmria Myrsinites, Hook., Yellowstoue, August. 
No. 196. Monotropa hypopotkys, L., Tellowstoue, August. 
No, 197. Lonicera cwrwlm, L., Tellowstoue, August. 
No. 198. Pyrola dentata, Hook., Yellowstone, August. 
No. 199. jfodecatlteon Meadia, L., Wind Eiver, July. 
No. 200. Androsace filiformis, L., Tellowstoue, August. 
No. 201. Androsace Ckainajasme, L., Ow! Creek, July. 

3)ouglima montana. Gray, Washake^s Needles, July. 
No. 202, Phelipwa lutea, n. sp,. Owl Greek, July. 
No. 203. Phelipmafmdculata, Nutt., Owl Greek, July. 
No. 204. Pentstemon Mem^iesii, Hook., Stiiikingwater, August. 
No. 205. Pentstemon Memiesii, Hook., var., Snake Pass, ^ptember. 
No. 206. Pentstemon larieifoUus, H. and A., Owl Creek, July. 
No. 207. Pentstemon deuatws, Dougl., Stinkiugwater, July. 
No. 208. Pentstemon gradlis, Nutt., Pacific Springs, June- 
No. 209. Pentstemon secundijtorusy Benth., Yellowstone, August. 
No, 210. Pentstemon humilis, Nutt., Paeiflc Springs, June. 
No. 211. Pentstemon glaueus, Graham, Stinkingwater, July. 
No. 212. Mimulm Jjeicisii, Pursh, Stinkingwater, July. 
No. 213. Mimulm mosehatws, Dough, Stinkingwater, July. 
No. 214. Eunanus Premontii, Gray, Yellowstone, August. 
No. 215. Pedicularis Parryi, Gray, var, (?), Yellowstone, August. 
No. 216. Oastilleia hreviflora, Nutt., Stinkingwater, July, 
No, 217. CastUleia Jlava, Watson, Stinkingwater, July. 
No. 218, Orthoearpus Parryi, n. sp.. Gray, Yellowstone, August. 
No. 219, Castill^a affinis, H. and A., Nebraska, June. 
No. 220. Ilchtno»permum defieocmn, Lehm., Tellowstoue, August. 
No. 221. JEckino^&rmum deflexnm, Lebm,, var., Yellowstone, August. 
No. 222. Myosotis alpestris, L., Stinkingwater, July. 
No. 223. Myosotis alpestris, L., var., Stiukiugwater, July. 
No. 224, Myosotis alpestris, L., vax., Yellowstone, August. 
No. 225. EritHchium vilhsum., var. arethides, DO., Wind River, July. 
No. 226. Mertensia alpina, Don., Stinkingwater, July. 
No. 227. Mertensia alpina, Don., var., Stinkingwater, July- 
No. 228. £lritrinckium glomeratum, DC, var. (I), Green River, June. 
No. 229. Phtwelia eireinata, Jacq., Stinkingwater, July. 
No. 230, Phlox hryoides, Nutt., Pacific Springs, June. 
No, 231, Phlox canescenSyT, and Gr., Green Eiver, June. 
No, 232. Phlox Boufasii, Hook., Owl Creek, July. 
No. 233. Phlox longifoUa, Nutt., Green Kiver, June. 
No. 234. Gilia Unijlora, Benth,, Stinkingwater, July. 
Ho. 235. Gilia nudicaulis. Gray, Wind Eiver, July. 
No. 236. 6ilia pmtgens, Benth., var.. Green Eiver, June. 
No. 237. Gilia ineon^cua, Dongl., Green Eiver, June. 
No. 238. Gilia eongesta. Hook., Green Eiver, June. 

Gilia iieridifolia, Benth., Green River, September. 
No. 239. Qilia spteata, Nutt., Green River, June. 
No, 240, Gilia Breweri, Gray, Dry Sandy, June. 
No. 241. Cohmia gracilis, Doug!., var,, Green Eiver, June. 
No, 242, Polemonium confertum, Gray, Wind Eiver, July, 
No. 243. Polemonium parvifoUum, Nutt., Stinkingwater, July, 
No, 244. Swertia perennis, L,, Yellowetone Palls, August. 
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No. 245. Gmti<ma detonsa, Pries., YellowstoDe, August. 

Ho. 246. AscU^ias brachystephtma, Torr., Green Eiver, June. 

No. 247. Achates vmdi£ora, Ell., Owl Creek, July. 

No. 248. Folj/gonum w^rwatum, Nutt., Stinkingwater, July. 

No. 249. Rumex paumfoUus, Nutt., Sweetwater, June. 

No. 250. Uriogonum ^vum, Nutt., Owl Creek, July. 

No. 251, Uriogonum brevieawle, Nutt, Wind River, September. 

No. 252. Eriogonum ovalifoUum, Nutt., Green liiver, June. 

No. 253. Oxytheca dmdnMea, Nutt., Big Sandy, June. 

No. 254. Faronyekia aeasilUJiora, Nutt., Wind Eiver, July. 

No. 255. Shepherdia argmtea, Nutt, Wind Eiver, September. 

No. 256. Mleagnus argmtms, Nutt., Green Eiver, September. 

No. 257. Comandra pallida, DC, Wind Eiver, July. 

No. 258. Atriplex mdoUpis, Watson, ined., Stinkingwater, July, 

No. 259. Qraym polygahides, H. and A., Green Eiver, June. 

No. 260. Koekia prostrata, Schrad., Green River, September. 

.— — SucBda depressa, Pursh, Green Eiver, September, 

No. 261. Atriplex catiescem, Watson, ined.. Green River, Jane. 

No. 262. BetuU, oeoidentaiis. Hook., Green Eiver, June. 

No. 263. Salix ft), Wind Eiver, July. 

No. 264. Juniperua Sabina, var. proeumbem, Pursb, Owl Creek, July. 

No. 265. Caloehortus Eurpcarpus, Watson, Yellowstone, August. 

No. 266. F^UUaria alropurpurea, Nutt., Wind Eiver, July. 

No. 267. FritUlaria pudica, Spreng, Yellowstone, August. 

No. 268. ^irantliesBomanzojiana, Cham., Yellowstone, August. 

No. 269. Allium brGVistyltmt, Watson, Yellowstone, August. 

No. 270. Allium Schwnoprmum, L., Yellowstone, August. 

No. 271. Allium Schwnoprasum, L., Yellowstone, August. 

No. 272. AlUum retieulatum, (Watson, 1181,) Sweetwater, June. 

No. 273. AUium cemuum, Rotb, Owl Creek, July. 

No. 274. AlUum retieulatum, Pras., Green Eiver, June. 

No. 275, Juttous xiphioides, B. Mey., Yellowstone, August. 

No. 276. Carex Douglasii, Boott., Fort Bridger, June. 

No. 277. Oarex Raynoldsit, Dewey, Yellowstone, August. 

No. 278. Carex mUlus, Fr., Yellowstone, August. 

No. 279. Carex agutUiUs, Wahl., Yellowstone, August. 

No. 280. Carex rtgida, Good., Yellowstone, August. 

No. 281. Ca^ex Roodii, Boott., Wind Eiver, July. 

No, 282. Carex /estiva, Dewey, Yellowstone, August. 

No. 283. Carex Bouglasii, Boott., Stinkingwater, July. 

No. 284. Carex tenuvrostris, OIney, ined., Yellowstone, July. 

No. 285. Carex vulgaris. Pries., Yellowstone, August. 

No. 286. Carex Jamesii, Torr., Yellowstone, Angust. 

No. 287. Oarex Jcponwa, L., Stinkingwater, July. 

No. 288. Eriophorum polystaehyon, L,, Yellowstone, August. 

No. 289. Eceleria eristata, Pers., Yellowstone, August. 

No. 290. Foa, , (?), Yellowstone, August. 

No. 291. Tristeum mb^icatum, Beauv., Stinkingwater, July. 
No. 292. Agrostis acabra, Willd., Yellowstone, August. 

No. 293. Festurn , (?), Yellowstone, August. 

No. 294. Foa tenuifolia, Nutt. (?), Yellowstone, August. 

No. 296. Melica bulbosa, Geyer, Yellowstone, August 

No. 296. Bedcmannia cruciformis, Host., Stinkingwater, July, 

No. 297. Flymus condemalMs, Pursh, Wind River, July. 

No. 298. Foa Andina, Nutt, Yellowstone, August. 

No. 299. Triticum cegilipoides, Turck., Yellowstone, August, 

No. 300. Calaina<irostis Lapponica, Trin.(?), Yellowstone, August 
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No. 301. Cheilanthes lanuginosa, Nutt., Owl Creek, July. 
No. 302. CysUypteris fragilis, Beiith, Yellowstone Falls, August. 
No. 303. Woo^sia scopuUna, D. C. Eaton, Yellowstone, August- 
No. 304. Woodsia Oregana, D. C. Eaton, Sweetwater, Jane. 
No. 305, BotrycMwm hinaroides, L., Yellowstone, August. 
No. 306. Botrychium simplex, Hitchcock, Yellowstone, August. 

LYCOPODIACE^. 

No. 307. Isoetes Bolanderi, n. sp., Eiigel., Yellowstone, August. 

FUNGI. 

No. 308. Tricliobam leguminosarum, Lk., Wind Eiver, July. 

No. 309. ^ddium Banuncalacearum, DG., Wind Eiver, July. 

No. 310. ^indium PsoraJ^ece, n. sp., C. H. Peck, Colorado, June. 

No. 311. Mddium Parryi, n. sp., C. H. Peck, Stinkingwater, August. 
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ENTOMOLOGICAL REPORT. 



Dear Sir: The following list embraces the Goleopiera collected dur- 
ing the months of June, July, and August, 1873, on the route from Fort 
Bridger to the Yellowstone National Park, via Green Eiver, South Pass, 
Camp Brown, Wind River, and Stinkingwater River ; and on the return. 
In September, via Snake and Wiud Rivers. My opportunities for col- 
lecting were quite limited, having responsible meteorological duties to 
perform at all times, and being almost constantly on tlie marcli. For 
these reasons, and also ou account of the lack of transportation facilities, 
the collections are much more imperfect than they should have been. 
All the regions passed through, and especially the Wind River district, 
give promise of good yields for future collectors. I am much indebted 
to the offteers on the survey for various kindnesses, and to Mr. Henry 
Ulke, who very kindly determined the Coleoptera. !'> 'eafter enumerated, 
for me. I also annex a list of words used by the bhoshone Indians to 
designate insects. 

Respectfully, your obedient servant, 

J. D. PUTNAM. 

Capt. W. A. JONES, 

United States Corps of Engitwers. 

LIST OF COLEOPTERA. 

^Cidiidella tranquebarica,'Kevhst,=vulgaris, Say, Green River basin, 
June. 

C. dm>deemguttata, Dej., Yellowstone basin, August. 

Blaphrus Oalifomicus, Mann., Greeu River basin, June. 

Sebria hudsonica, Lee, Yellowstone basin, August. 

Galosoma luxatwm Say, Wind River basin, June. 

Carabm A^assii, Lee, variety of G. twdatua, Fort Bridger, May ; Wind 
Eiver and Stinkingwater, July. 

Ijebia guttula, Lee, Wind River basin, July. 

Fhihtecnus nigricollis, Lee., Green River basin, June. 

Pteroslushus protractus, Lee., Fort Bridger, May ; Yellowstone basin, 
August. 

Ft. Lu&sotii, Dej., Port Bridger, May. 

Amara lacustria, Lee, Fort Bridger, May. 

A. patrida, Deq., Yellowstone basin, August. 
Gltkenius serioeus, Forster, Green River basin, June. 
Sarpalus amputatua, Say, Greeu Eiver basin, June, 
R.funistvs, Lee, Port Bridger, May ; Yellowstone basin, August. 
M. stupidus, Lee, Port Bridger, May. 

S. furtivtis, Lee, Port Bridger,- May. 

S. obesulvs, Lee, Green Eiver basin, Jnne. 

Bembidium nebrasliense, Lee, Yellowstone basin, August. 

B. Viiddum,, Lee, Green Eiver basin, June, 
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B. vmJyratum, Lee., Green River basin, June. 
Dytiscus marginicoUis, Lee., Yellowstone basin, August. 
Silpha la^onica, Herbst, Fort Bridger, May. 
8. ramosa, Say, Wind Kiver basin, June. 
Aleochara Hi>iaeuiata, Grav., Green River basin, June. 
CreophUm mlloans, Grav., Yellowstone basin, August. 
Fhilontkm, (undetermined,) Fort Bridger, May. 
Saprintis pratettsis, Lee, Green Kiver basin, June. 
Pkalacrus penniciUatus, Bay, Green River basin, June ; Wind River, 
July. 
Mtidula sdczac, Say, Wind River basin, July. 
Dermestes marmoratus, Say, Green River basin, June. 

D. ctminus. Germ., Green River basin, June. 
Aphodim dentieulatus, Hald., Green River basin, June. 
2Voa7 alterruins, Lee, Fort Bridger, May. 

H<^lia laticolis, Lee, Wind River basin, July. 

Serica curvata, Lee, Wind River basin, July. 

8. frontalis, Lee, Wind River basin, July. 

Lachnostemafusea, Frohl., Fort Bridger, May. 

Polyphylla deeemlmeata, Say, Owl Creek, July. 

MelanopMla longipes, Say, Stinkingwater Valley, July ; Yellowstone 
basin, Angust. 

Acftuwdera mixta, Lee, Wind River basin, July ; abundant in the 
flowers of the prickly pear, ( Opuntia.) 

Braehye terminans, Fabr,, Wind River basin, July. 

Dolopiws paitper, Lee, Stinkingwater Valley, July. 

Corymbites tinetm, Lee., black variety, Yellowstone basin, August. 

Po^bms, (nndetermined,) Stinkingwater Valley, July. 

Colk^s vittatus, Say, Green River basin, June. 

C. enbrosus, Lee, Green River basin, June. 

Frntoscellis, near/itscMS Lee., Wind River basin, July. 

Listrus interruptus, Lee, Wind River basin, June. 

Dolichosomafoveicollis, Eirby, Wind River basin, July. 

Dasytes hreviusculus, Motsch., Green River basin, June. 

Uleodes obscura, Say, Wind River basin, July. 

jr. hispilabrm, Say, Green River basin, June; Wind River basin, July. 

E. extHcata, Say, Green River basin, June ; Wind Kiver basin, June. 
July. 

E. nigrina, Lee, Green River basin, June. 

E. pimelioidea, Mann., Wind River basin, July. 

Blapstinus pratensiSf Lee., Green River basin, June. 

Gwloimemis dilaticollis, Mann., Yellowstone basin, August. 

Corphyra lugubris. Say, Yellowstone basin, August. 

0. Lewiaii, Horn, Wind River basin, July, 

Notoxm serratm, Lee, Wind River basin, July. 

S. mbtilis, Lee, (?) Green River basin, June. 

Anaspis rufa. Say, Wind River basin, July. 

Epicauta pnneticollis, Mann., Wind River basin, June. 

E. maculata, Say, Wind River basin, July. 

E, sericans, Lee,, Wind River basin, June, July. 

Lyttafulgi/era, Lee, variety of Nuttalli, Say, Wind River basin, July. 
Gephaloon lepturides, JJewm., variety, Yellowstone basin, August. 

[Mr. Ulke says, " Your specimens difter in size and coloration from 
the Korthern-Atlantic types, but I have an intermediate form from 
Oregon."] 

Frionus Californicus, Motsch., Stinkingwater basin, July. 
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Criocepkales productws, Lee, Yellowstone basin, August. 

Or. asperatus, Lee, Yellowstone basin, August. 

Monohammua scutellatiis, Say, Wind River basin, July. 

Oxoplm coraUinus, Leo., Yellowstone basin, August. 

fDifters ftom Mr. Ulke's New Mexico type in baving the base of tlie 
elytra blackisb.] 

Pachyta liturata, Kirby, Yellowstone basin, August. 

Aemwops pratenaia, Laich.,=8ir^&ita, Fabr., Wind Eiver basin, July. 

Ae. mbpilosa, Lee, Wind Eiver basin, June. 

Galeruea amerieana, Fabr., Green River basin, June. 

Jjupertta longulus, IJec., Wind Eiver basiu, Jnne, July. 

Sdltioa (Graptodera,) inwi'ata, Lee., Green Eiver basiu, June. 

Diaonyeha alternata, 111., Wind Eiver basin, July. 

Saccinus macia, Lee, Wind Eiver basin, July. 

Adoxus vitis, Linn., Wind River basin, July. 

Trirhabda alternata, Say, var., Yellowstone basin, August. 

Monoixia guUulata, Jjoe, Green River basin, June. 

Hippodamia Lecontei, Muls., Green Eiver basin, June. 

H. quinquesignata, Muls., Wind Eiver basin, July. 

M. parentkma. Say, Green Eiver basin, June. 

Ooeeinella picta, Rsnd., Yellowstone basin, August. 

C.iW/((8ciato,Linu.,WindEiverba8in, July; Yellowstone basiu, August. 

C. transverso-gtittata, Fald., Yellowstone basiu, August. 

C. novemnotata, Herbst., Green Eiver basin, Junej Wind River basin, 
Jane. 

Bphenophorm Vlkei, Horn., Green Eiver basio, June. 

L^yrus colon, Linn., Wind Eiver basin, July. 

There were also (iollectert five or six undescrlbed species of Gurcu- 
liottidtE, belonging to the genera Listroderes, lAchenopkagus (?), and 
^rirhinus. 

INDIAN NAMES FOR INSECTS. 

The following words, used by tbe Shoshone or Snake Lidians to desig- 
nat* insects, were obtained September 14, 1873, at (Jamp Brown, Wyom- 
ing Territory, from Moonharvy, Charlie, and Bob, three Shoshone 
Indians belonging to Washakie's band : 

Large, wingless cricket, {Anabrus simplex, Hald.,) Mesch. 

Black cricket, {Oryllus , sp. ?), Mesch ; Mes-oo-wan-ich. 

Spider like cricket, {StenopelmatVH f) I?en-igliipo. 

Pupa of a large grasshopper, ((Edipoda,) At-tung. 

Large grasshopper, {(Edipoda,) A-dunich. 

Hateful grasshopper, {Calaptentis spretua, Uhler,) Ud-s^e-guee. 

TenebrionidcB, {Vmleenemv.8 dUaticolUs, Mann,) Bee-s6a-gnah. 

Gerambycidm, Prionus Gali/wnicus, Motsch.,) Goa-i-p^e-ah. 

Green buprcstid, E-w6e-et. 

Horse-fly, {Tahanm,) B^emeet. 

OoQiinon fly, {Musea,) (An-^vou,) An-e-ou. 

Trmiiex, (sp. f ) An-e-gtk)t-tsee. 

Cicada, (sp. t) Kii-ah. 

Ant lion {i^ymtelion,) Es-pofi-see, 

Day-fly, {Epkftnera,) Mo6-po. 

Various diurnal butterflies and moths, A-e-pril. 

Colias pkihdice, (yellow,) Oabit A-e-pril. 

Moths, from Washakie's Secdles, {Aretia,) Un-dwu8t. 

Large, brown caterpillar, (larva of some Sphingidw.) Beer-waub. 
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Colors. 
White, Tos-it-et. 
Black, Ton-6r-wit. 
Browuish-black, Toii-gon-dau-bit. 
Brown, Tou-gon-umph. 
ited, En-ga-bit. 
Yellow, [Oabit, I Orbt. 
Green, A went, 
Blue, (bright.) Tsoi-wH-it. 
Blue, (grayisn,) Ah-mu-it. 
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CORRESPOS^DEXOE RELATIVE TO PRi:STIlSrG ADDITIONAL 
(JHAPTERS OF THE GEOLOGICAL KEPORT. 

Office op the Chief of Ekginbees, 

Washington, D. C, January 9, 1875. 
Sir: Siuoe tlie printiiig of tbe congressional document containing 
the report of Capt. W, A. Jones upon his reconnaissance in Northwestern 
Wyoming in 1873, Prof. Theo. B. Comstock, tbe geologist of the 
expedition, has prepared eight additional chapters to his geological 
report. 

As these chapters could not be prepared in time to accompany Cap- 
tain Jones's report, which was transmitted to Congress by the Secretary 
of War, I wonld respectfully recommend that one thousand copies of 
the additional matter be printed by the Public Printer, upon the usual 
War Department requisition. 

Very respectfully, your obedient servant, 

A. A. HUMPHREYS, 
Brig. Gen., and Chief of Emfmeers. 
Hon. Wm. W. Belknap, 

Seo'etary of War. 

Approved, by order of the Secretary of War. 

H. T. CROSBY, 

Chief Ckrk. 
Wae Dbpabtmeht, Janitary 13, 1875. 



M''ASHiSGTON, D. 0. January 4, 1875. 
Sir : I have the honor to transmit berewitli a letter of Prof. Theo. B. 
Comstock, together with the additional manuscript which completes 
his report to me as geologist of the reconnaissance of Northwestern Wy- 
oming. 

Owing to the illness of Professor Comstock, he was unable to com- 
plete this manuscript in time for it to be presented with the main 
report. This latter has gone to press; and as the additional matter ia 
of considerable scientific interest, I would respectfully suggest that it 
be printed, if possible, in such form that it may be distributed with the 
main report. 

Very respectfully, your obedient servant, 

W. A. JONES, 



The OniBF of Engineers, 

United States Army. 
H. Ex. 285 21 



Captain oj 
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Cleveland, Ohio, 

December 31, 1874. 

Sir: Tiie hist installment of my report ou the geology, &C., of the 
district surveyed under your diroction in 1873, is herewith trausmitted. 
The construction and arrangement of the several parts is substantially as 
proposed to yon upou our return from the field, more than thirteen mouths 
since. The departures from that plan, except iu some minor points, 
have been almost wholly due to the constant state of uncertainty regard- 
ing the date of publication. The first eight chapters were sent you iu 
six installments, and as no copy could be retained, under the circum- 
stances, some nunecessary repetitions could scaiijely be avoided. The 
succeeding five chapters (on hot springs and geysers) were completed 
too late for publicatioii in the first edition of this document, (for the use 
of Congress,) and the remainder of the report was put iu manuscript 
while the former portion was in press. This brief stafe^meut will exi)Iain 
to you the necessity for the omission of the intended simple lists of min- 
erals, mammals, and birds, and the lack of the index referred to in the 
introdnctory chapter and elsewhere. 

The method which has been adopted, of employing head-lines iu the 
t«xt, lessens the need of an index, however, and the subjects are geuer- 
ally so classified as to mate reference easy to any part of the work with- 
out such a gaide. 

I have endeavored, in all cases, to give due credit in the body of the work 
to those who have rendered aid in the collection or elaborutiou of the 
material upon which this report is founded, but I cannot let this final 
opportunity pass without grateful raentiou of some who have a special 
claim ux)on my remembrance. The members of the expedition, without, 
I believe, oae exception, were alway s ready to assist wheu called upon, 
and the officers at Fort Bridger, Camp Stambaugh, and Camp Brown 
gave me information of value, aswellas bestowing kind attentious with- 
out stint. Dr. Carter, of Fort Bridger, has laid me under obligations 
for his very carefully written notes ou the Shoshone dialect. Dr. Heis- 
man, of our party, has furnished freely of his notes, besides giving ma- 
terial aid while on the trip, Mr. Charles T. Creary acted as my assist- 
ant a portion of the time, and deserves credit for his zeal and endurance 
of many hardships. I cannot but believe that my life was once saved 
only by his firmness and vjresence of mind. Mr. Geo. Hitt, my tent-mate, 
has my thanks for his consideration and warm-heartedness at all times, 
which added not a little to the amonnt that I was able to accomplish 
during the day. 

The Engineer Department at Washington has freely granted more 
than I have asked, and I would not forget that the publication of this 
report, in its preseut form, is due to the chaiitable opinion of its chief. 
Lastly, to your own nufiagglog interest and hearty support, both upon 
the trip and since our return, is to be attributed the largest portion of 
the power to make the report even what it is, and as for myself, I eau 
only regret that the result sent herewith is not more woithy of your un- 
selfish generosity and continual encouragement of my efforts. 
With esteem, I am sir, your obedient servant, 

THEO. B. COMSTOCK, 
Geologist JT, W. Wyomiiig Expedition, 1873. 

Capt. W. A. Jones, 

Corps of Engineers, Commander of JSxpeMtion. 



Hosted by 



Google 



EECONNAISSANCE OP NOKTHWESTEEN WYOMING. 



MILITARY WAGON-EOAD IX WYOMi:XG AND MONTANA 
TEElilTOElES.* 

Letter from the Secretary of War, relative to the bill (H. B. 2854) /or the 
location and construction of a military wagon-road from Green River 
City, Wyo., to the Yellowstone National Park, and to Fort UlUs, Mont., 
Decetnber 15, 1874. Referred to the Gommittee on Military Affairs and 
ordered to be printed. 

War Department, December 10, 1874, 
The Secretary of War has the honor to i-etnm to the House of Bep- 
Teseiitatives House bill 2854, "Por the location aud construction of a 
military wagon-road from Greeu Eiper City, Wyoming Territory, to the 
Teilowstoue National Park, and to Fort Ellis, Montana Territory," and 
to transmit, for the information of the Committee on Military Aflfaira, as 
requested by the chairman of said committee, under date of June 9, 
1874, letter of the Chief of Engineers of the Army, dated June 16, 
1874, and copy of report of Capt, W. A. Jones, Corps of Engineers, 
■which fully sets forth the advantages to be derived from the coustrue- 
tdon of said road. 

Under date of November 28, Lieutenant-General Sheridan states: 
"In forwarding the report of Capt. William A. Jones, Engineer Corps, 
of his reconnaissiince of the route referred to by the witiiin papers from 
Green Eiver City, Wyoming Territory, or its vicinity, to Fort Ellis, Mon- 
tana Territory, via the Yellowstone Park, under date of May 10, 1874, 
I did not express myself as in favor of the projected road. Since that 
dat« I have had opportunity to make a t>ersonal examination of the 
road through to Camp Brown, Wyoming Territory, which causes me to 
reconsider my former action ; and I now return these papers with my 
approval, and recommend that the road, as proposed by the within 
House bill, introduced by the Hon, W. K. Steele, of Wyoming Territory, 
be favorably considered by the honorable Secretary of War." 

WM. W. BELKNAP, 

Secretary of War, 

Office of the Chief op Engineers, 

Washington, D. C, June 16, 1874. 
Sir: In compliance with reference to this Office of bill No. 2854, 
introduced into the House of Eepresentatives on the 6th instant by the 
Hon. Mr. Steele, for the location and construction of a military wagon- 
road from Green Kiver City, Wyo., to the Yellowstone National Park 
and Fort Ellis, Mont., I have the honor to transmit herewith a copy of a 
letter from Capt. W. A. Jones, of the Corps of Engineers, in whicli the 
advantages which are expected to accrue from the construction of said 
road are fully set forth ; and also beg leave to refer to my letter of- the 
13th instant, forwarding to you a copy of a report by Captain Jones of 
a reconnaissance of Northwestern Wyoming, made in 1873. 

The letter from the Committee on Military Affairs inclosing the bill is 
returned herewith. 

Very respectfully, vour obedient servant, 

A. A. HUMPHBEYS, 
Jiriff. Gen. and Chief of Engineers, 
Hon. Wm. W. Belknap, 

Secretary of War. 

-Yinmi, of Reprtsiintatives Ek. Duo. Ni>. 'M. 4:!d Coimress, ad session. 
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Washington, D. C, June 12, ISTi. 

Sib : I have the honor to acknowledge the receipt of your letter of 
this date upon the subject of a proposed military wagoiiroad in Wy- 
oming. 

The road proposed by this bill is over the line discovered by me last 
year while making the reconnaissance of Northwestern Wyoming. I 
consider it a perfectly practicable project, which can be attained at a 
reasonable expense. 

The road will leave the Union Pacific Railroad near Green River City, 
Wyo., at such a point (probably Point of Kocks) as will give the shortest 
distance from the railroad to the mouth of Wind Biver Valley, This 
valley is followed up to its head, where there is a pass over which the 
grades are perfectly easy and practicable. It is probable that this pass 
will be practicable for winter travel, as it lies in such position that the 
prevalent winds are intercepted by neighboring mountain-ranges, and 
cannot reach it with sufficient force to drive the snow into drifts that 
■will be serious obstructions. It is the testimony of miners, freighters, 
and others in the Territories, that winter roads can easily be maintained 
in the monntains, provided the snow does not drift badly. Whether 
this should prove true or not, the proposed road would remain open as 
long as the present route via Corinue, and longer than the Missouri Eiver 
route. 

From this pass the road will proceed northerly to Yellowstone 
Lake, following down its eastern shore, and thence down the Yellow- 
stone River, passing the Great Falls and along the crest of the Grand 
Oafion, and by the Mammoth Hot Springs on Gardiuer's River to Fort 
Ellis, Bozeman Citry, and the Orow Indian agency. From here there are 
good roads to the principal cities and ndning towns of Montana. The 
route traverses the Wind Eiver Valley, (avoiding the present mountain- 
road between Camp Stambaugh and Camp Brown,) where the soil is 
quite well adapted to agriculture and grazing, as has been proved by 
experience, and the climate is exceptionally mild ; the Teton Basin, a 
thoroughly well-watered and well-timbered area of country, where the 
soil is quite rich, and rain falls with sufficient equability to render irriga- 
tion unnecessary probably ; the Yellowstone National Park, passing all of 
its wonderfiil phenomena except the geyser basins, which can be reached 
by a short side-road, and a stretch of country in Yellowstone Valley, 
north of the park, which is now cultivated with success. 

Gold, (iu veins and diggings,) coal, coal-oil, iron, and gypsum occur in 
the Wind River country, tine coal in the Teton Basin, and gold, (iu veins 
and diggings,) lead, and silver in the Yellowstone region. 

It will Jhus be seen that this road will open up aud develop a country 
of considerable and varied resources. 

It will also furnish the shortest and a most agreeable route to the 
Yellowstone National Park. 

The present approaches to Montana from the Bast are only two, viz : 
(l.)'Tbe Missouri River route, which involves wagon transportation from 
Fort Benton, or from Carroll, over a desolate country. This latter 
afilbrds about the same wagon-road distance to Fort Ellis as the one 
from Fort Benton, and, should it prove available, will supersede it. (2.) 
The land-route via the Union and Central Pacific Railroads to Corinue, 
Utah, aud thence to Montana by wagons. 

The load proposed by the bill is an improvement upon this, as will 
be seen Ib^m the following tables, and will thus bring the two main 
route's into a closer competition, giving the mining and agricultural in- 
terests of Montana an improved outlet and better competing lines of 
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land and water travel, and affording all of the attendant adTantages in 
the transaction of business, settlement of new country, and the ship- 
ment of Army and Indian supplies. It is fraught with lasting benefit to 
the people of Montana and Northern Idaho, and will hasten the atiliza- 
tion of the Yellowstone National Park as a place of summer resort. 



_ j Omaha to Point of Rocks, Union Pacific Railroad ., 
I Distance saved by rwl 



llilei. 
1,055 



Omaha to 
Omalia to Corinue . - - 

Corinna to Fovt Ellis 

Fort Ellis to Yellowstone Lake 



Omaha to Yelloivstone Lake 

Proposed route ; 

Omaha to Point of RocIch 

Point of Rocks to Yellowstone Lake. . 



Lake, present ronte; 



Omaha 

Omaha to Cor 

Corinne to J g^^^^,^^ J ... 
Fort Ellis 
Bozeman 



YeUowstone Lake 

laved to Yellowstone Lake 

to Bozeman, Montana, present roate: 






Point of Eocks ti 



Omaha to Bozeman . 



Distance saved t 



f * Passenger rates, (railroad;) 

Omaha to Corinne, Utah S79 25 

III < '-'''"'^^ ^ Point of Koeks, Wyoming 57 y5 

I Amount saved per man 93 00 



f 'Freight rates, ( railroad:) 

Omaha to Corinne, (ttird-class) per ton 

IV, i Omaha to Point of Kocks, (third-class) per t( 



Lt saved per ti 



To sum up: The proposed wagon-road saves 250 miles of railroad; 
482 miles of distance to the Yellowstone National Parli ; and 216 miles 
to Fort Ellis, Bozeman, and the principal citiea of Montana, which is 
one of the most productive mining regions of the West ; is the shortest 
and most practicable road to the Yellowstone National Park and Mon- 
tana; is heavily timbered through the belt of country where the heavy 
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snows fall, indicating a probable winter route, while, at present, there 
is none ; opens up a large tract (2,000,000 acres) of low-lying timber- 
land — a very important feature ; will open to settlement the Wind River 
Valley, the Teton Basin, and the valley of the Upper Yellowstone : will 
hasten the attainment of the objects for which the Yellowstone Park 
■was created by law; and will afford better competing lines of travel to 
the mining and other industries of Montana. 

I am, sir, very respectfully, your obedient servant, 

W. A. JONES, 
Captain of Engineers. 
The Chief op Engineers, 

United States Army, Washington, D. C. 



Forty-third Congress, First SeaBioa, II. H. 2854. In the House of RepresentativeB, 
April B, 1874. Rcaii twice, referred to the Coiuinittee on. Military Affairs, and ordered 
to be printed. 

Mr. Steele, on leave, introduced the following bill : 

A BILL for tie location and oonBtnictioo of a military wagon-road ftom Green Rirer City, Wyoming 
Temtorj, to the Yellowetone National Parli, anilto Fort Ellis, Montana Torrilorj. 

JSe it enacted iy the Seitate and Mouse of Kepresentativea of the Uitited Slates of America in 
Congress assembled. That thero shall lie located and constmcted, nndec the direction of 
the Secretary of War, a military wagon-road from Green River City, in the Territory of 
Wyoming, or from snch otherpoint in said Territory a« may be select-ed, to the Yellow- 
stone National Park, and to !Fv>rt Ellis, in the Territory of Montana. And the Secre- 
tary of War is hereby authorized to expend, for the prosecution of said work, any sdu 
of money neceBsary therefor, not exceeding the sum of sixty thousand dollais; which 
said sum of money, or so much thereof as may be necessary, is hereby appropriated for 
that purpose out of any money in the Treasury not otherwise appropriated. 
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Adjutant-General of the Army referring 

report, 3. 
refers General Sheridan's le tt*r, 

4. 

quttrlermaster of expedi- 



Actioii, geological, of plant and animal life, 

170. 
Alabaster deposits, 153. 
Alkali, 1B9. 

— analysis of, 133,296. 

— bogs or holes, 183. 

— deposits, origin of, 183. 
Altitudes, ttible of, 65. 
AmetbvBt, Monut, trip U), 94. 
Animal life, protective effects, 175. 
eumulalivB — , 176. 

destructiTB — , 177. 

Aqneons action, 161. 

Area, relative, of plaleaas and mouataios, 99. 
ArcbiBology, 259. 

Arseaic, existence in springs Buspi^cted,Gl, 
62, a06. 



Basis, Wind, BigHoir, 51. 

rivers of, 52.' 

soil of, 52. 

roads of, 52,51!. 

River, explanation of winds, G2, 1C8. 

tempcratnre, 63. 

humidity, 62. 

radiation, 62. 

lain, 03. 

winds, 63. 

— Given River, 47. 

mountains of, 47, 

rivers of, 48. 

soil of, 48. 

— roada of. 49. 

explanation of wind nlifinoineiiii,f>l. 

62, 167. 

temperature of, fit. 

humidity, 61. 

radiJ.tii.n, 61. 

winds, 6). 

-North Platte, 49. 

mountains of, 49. 

rivets of, 50. 

soil of, 50. 

roads of. 50. 

— Yellowstone-Teton, 53. 









Basin, Yellowatoue-Tetoa, radiation, 63. 

rain, 63. 

winds, 64. 

— Big- Horn, temperature, G3. 

humidity, 63. 

radiation, 63. 

winds, 63. 

— Teton, 42. 

Barometers, aneroid, unreliable, 59. 
comparison of, 59. 

— mercurial, cause of leakage, 60. 

attached thermometers of, 60. 

Barometric curves, horary chart, opposite 

60. 
Base line, secondary, measured, B. 

II, 

Big Horn Mountains, 13, 16, 99. 
expedition, 16. 

— Muddy Elver, camp on, 7. 
fording of. 7 , 

— Sandy River, description of first crossing. 



second — , 8. 

— Popo Agie River, 10. 

Bill, for location and construction of wagon- 
road to Yellowstone Park and Montima, 
326. 

Black Hills, description of, 19. 

Box chronometers, liulure of, 10. 

Bridge, across Yellowstone River, 33. 

Black's Fork, broke, 6. 

Bridger Lake, 40, 

Brig. Gen. Ord, letter forwarding report, 3. 

Buffitlu, 16. 



Cache, of provisions and ma 
Camp Brown, description of, 

— Stanibaugh, , 9. 

Capt. W. A. Jones's, letter tr 

Cavalry, 2d, Co, I, detailed ai 
Carboniferous system, 113. 



I, 23. 



--iimi 



■„ 114. 



lithological characters, ]14. 

organic contents, 114, 

Chalcedony in tears, 182. 

Chief of Engineers, letter transmitting report 
to Secretary of War, 1. 

letter relatlngto bill for construction 

of wagon-road to Yellowstflne Park and 
Montana, 333. 

Chimney Rock, ascent of, 90. 

Classliicalion of springs in Yellowstone Ba- 
sin, 3a5-6. 

ConglomeraU', volcanic, arranged under wa- 
ter, 185. 

Cold, extreme, 35. 

Comstock, Prof. Theo. B., letter transmitting 
final chapttrs of geological report, 322. 
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ClimbJDg impeded bj snow, 87. 

Climale in Wind Kiyer and Tuton Basins, 

comparison of, 43. 
Clond Peaii, 51. 
Coal of lignite group, age of, ):ia, 133. 



Crater eniptions, IS8, 

— overflows, material of, 189. 

Craien, few remains of, 188. 

Condensatien aud evaporation, results of. 



— strata, 119. 

in Wind River Mountains, 120. 

Owl Creek—, 120. 

Sierra Shoshone —, 120. 

lithologieal cbaracters, 120. 

Crystal oeach, 32. 

Curves, horary barometric, chart of, oppo- 



Deer, ninle— killed, 20. 

Devonian and Carboniferous ages, dry land, 

— system, absence of, 112. 
Dlslances, cumparative table of, 56, 57. 

— table of.ll. 

Divide, Continental, 37, 165, 166. 

— between Madison and Yellowstone Givers, 
37. 

Drift deposits, 135,136. 

of Wind River Valley, 136. 

two epochs of, 1 39. 

freezing and thawingp ems, 140. 

Elk Mountain, 50. 

Ejections, flssvire, classification of, 186, 

Elevntion of Second system of ridges in 

Rocky Monntwn chain, 156. 
Eocene beds of Green River Basin, thickness 

of, 158. 

— strata, I S3. 

Green Biver group, 123. 

oiitlloes of lake basin, 123. 

litbological characters, 123. 

oi^anic contents, 124. 

Eocene strata, Bridget group, 125. 

— outline of lake basin, 127, 

oi^nic contents, liW. 

Erosion anddenudation, ancient, 158. 

entensive in Tertiary deposits 158, 

160. 

— recent, 160. 

Falls of the Yellowstone, upper, 24. 

lithological description, 26, 163 

explanation of phenomenon, 26 

-—chart, opposite. 163. 

-on East t'ork of Gardiner's River, 29. 
Fallen timber, bow to avoid, 37. 



Field analysis of gases, 304. 

— — outfit for, .105. 

— mice and moles, 22. 
Fissure eruptions. 184. 

— action, era of, 187. 

Fissures, eraptive, position of, 186. 
Floods, evidences of in volcanic district, 2113, 
Fort Bridget, description of, 144. 
Freight to Montana, table of quant! tiaa, 57, 
Funds, amount allotted for expedition, 6. 

Game traekn, numerous, about hot springa, 

93. 
Gamete in soil, 9. 
Garden truck can be raised, 152. 
General Sherman, forwards report, 3. 

Geiieral Sheridan's letter, 4. 

Geology, dynamic, 153. 

— Cbemical, 178. 
Geography, pbysical, 45, 95. 

general surface features, g."). 

Geyser Basin, trip to, 94. 
Geysers in upper basin, 34, 195, 
lower, 34, 303. 

— stmclure of, 34. 

— 241-59. 

— distribution of, 242. 

■ — Madison Eivet group, 942. 

— Lower Fire Hole Group, 243-9. 

— Upper Kre Hole Group, 949-54. 

— and hot springs, diffbrence between, 255. 

esplanation of phenomena, 255. 

Geyserite pebbles, 258. 

Geyserites. analysis of, 304. 
Gilbert's Pass, elevation uf, 48. 

— Beach, 47, 88. 

Glacial and Cbauiplain epoLhs, 135. 
— ■ action in Owl Cieek mountain, 138. 

— — before close of Miocene, 138. 



-90. 



1, 159, 



le of o> 



Creek, 160. 
Gold, quarts found, 12. 

— in quarla veins, 105. 

— mine.1, Sweetwater, 147, 152. 
Cariso, young America and Irisbman, 



147. 

M 

149. 



- Miner 



delight. Buckeye, Mary Allen, 
discovered. 98. 
force, 35. 



Gvanite bowlders, son 

oiieinof,159 

Grass, conversion of, ii 
Grasshoppers, 49. 
Grizzly ButtPS, 87. 
Group, m tamorphic, 

Pass, 105. 
Grooves and strise, absence of, 159. 
Gypsum and alabaster deposils, 153. 



ith of Two Ocean 



Heat supply, orijrin and present sc 
Hell Roaring Creek, trip to, 94. 
High water in Black's Fork, 3. 
Horses, stolen, recovered, 8. 
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Horse- thieves, steal t 



IXDIAKS, mode of travel, !). 

— Shoshone, iigency of, 1 1 . 

QiamierB and rastoniB of, 27J. 

■ traditions of, 272. 

einotionftl expression of, 274. 

govemnient, social, easterns, &c., 275. 

eongs and singing of, 277, 

medic:iQe,orDmnBut,&c.,of,278. 

— in search of a ford, 12. 

— power of abstaining from food. 

— instinct of, 35. 

— scouts enlisted, 1 1 . 
trouble with, 37, 40. 

— trails, enumeration of, 54. 
Insect pests, 27. 

Inseots, Indian names for, 2U9. 
Instruments, astronomical, used, 82. 

Jackson's Hole, 42, 53. 

— Lake, 53, 

Jones, Capt. W.A., letter requesting publi- 
cation of Hdditionai chapters of geological 
report, 321 . 

to Chief of EagineeiH relating 

to pro]M)aed wagon-road to Yellowstone 
Park and Montana. 

Jurassic system. 118. 

in Wind River Mountain a, US. 

Ilthologieal characters, 1 1 f*. 

Laramfe Peak, 49. 

Latitude, example of, S3. 

Latitudes and longitudes, table of, 84. 

Lieut, Geii. Sheridan, fowaids report, 3. 

disapproves project for wagon-road 

to Montana, 4. 
— approves ■ (See ap- 

Little Popo Agie, valley of, 89. 

MagnetKi declinations, table of, 84. 
Marl, analysis of, 182. 
Marches, mode of malting, 16. 
Medicine Bow Mouu tains, 50. 
Meteorol<^y, .'>8. 

— instruments used , 58. 
Measurements, barouictric, satisfactory char- 
acter of, 60. 

Metamnrphic effects of eruplivo action, U>7. 

MetamorphiCH,age of, 1115. 

Minerals, 3. 

Miners' Delight,9. 

Mineral and thermal waters, report on, 29:i. 

field system, 293. 

Miocene beds of Wind Kver Valley, thick- 
ness of, 158. 
Monuments, graves, &a., 26G,267. 
Mount Hodges, elevation of, 47. 

— Tohkwuna, — 48. 

— Washburne, 33,53, 

— Sheridan, :Mi, 37, 53, 95. 



horses from escort, , Mountains, Sierra Shoshone, obscured, 156. 

I probable aiis of, 157. 

I — =ff..ntg of eruptive a''""" ''^' 

fossil forests iu li 

— Owl Creek, 157. 
Mountains, elevation of, 154. 

— Wahsalcb, age ol, 154. 

— TTiniah, 154. 

— eastern ranges, 154. 
MoDnt.aiunearTogwoteePasf 
Mud volcanoes, 302. 
Mule lost on trul,33,3i;, 

— drowned,?, 8. 



- on east fork of Yellowstone Rivei 

- in Sierra Shoshone Mountains, 1 

- Ilthologieal characters, 112. 

- organic contents, 112. 

es, Capt. Henry E., credit due, 44, 



Odometer cart, 6, 

— — abandoned, 35. 

Oil-spring, 182. 

Orange Hock Springs, 27,999. 

large steam jets of, 299. 

Order, Brig. Geo. Old, directing 



Overflow, remai'kable volcanic, 37, 5). 

thickness of, 51. 

Owl Creek Mountains, !3,99,T5I, 157. 
Ozone in atmosphere, 178,294. 

— effect of, in rock wealLering, 178. 

PACK-train, 11. 

sent to Fort Ellis for supplies, 32, 

Paleozoic strata, general remarks on, 1 15, 

— rocks, depths of seams, 116. 
Park, YellowslflneSational,53, 58, 
Pass through Rocky Mountuus, 46. 

— Togwot«e, 55, 

Passes discovered in Sierra Shoshone Mount- 
ains, 52, 55. 

— over Wind Rivor Mountmns, 47. 
Pellcau Creek, trip t«,92. 

Phlox Munntaiu, ascent of, 13. 

description of country seen from, 13, 

Plains, Laramie, 50. 

Plant-life, conservative action of, 171, 

formature 173, 



Plateau, Green River, 99. 
area nf, 100. 

— Wind River, lOU.' 

— Shoshone, 100. 

— Park, 100. 

Pliocene deposits, locality of, 129. 

in Yeuowstone Lake Basin, 130. 

South Pass, 158. 

Point, lowest, reached, 99. 
Porcapine killed, 93. 
Post-tertiary, 134, 

general remHrks on, 143. 

Potsdam sandstone, 106. 
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